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Introduction to the STM32G4 Series
Hands On:
Hands On:
Hands On:
Hands On:
Hands On:
Hands On:
Hands On:
Hands On:
Hands On:

1:00PM - 5:00PM

Wrap Up
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@ STM32G4 mixed-signal MCU workshop

Agenda

STM32G474 Discovery Kit Demo

ADC Gain Compensation

DAC Signal Generation

Programmable Gain Amplifier

High Resolution Timer (HRTIM)
CORDIC Hardware Accelerator

Filter Math Accelerator (FMAC)

Dual Bank Flash Live Firmware Upgrade
CCM-SRAM




All set for the Hands-On?

Per your email invitation, you should have installed on your System:

STM32CubeMX: v5.3.0 minimum
STM32CubeProgrammer: v2.1.0 minimum

If you installed v2.1.0, also execute
“C:\Program Files (x86)\STMicroelectronics\STM32Cube\STM32CubeProgrammer\Drivers\stsw-link009_v3\dpinst_amd64.exe”

STM32CubeG4: v1.1.0 minimum

e KEIL MDK-ARM v5.28a minimum STM3264 Workshop Tool Validator X
+ KEIL MDK-ARM LICENSE: Pro Eval License Add On | @ %o &
 Tera Term or similar e oK

Keil: (0]4
/ Keil G4 DFF: oK
STMZ2Cube G4 HAL: (0]4
- STM32 Windows Drivers:  OK
Run the validator
fo check status

1S73 Please ask for help if you have any problems
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STM32 General Usage Survey

. : 4
Please complete this survey prior to the start of the workshop ;

Use your phone to scan the QR code or type the link into your browser.

https://www.surveymonkey.com/r/68NZNQR
Ly;  We Greatly Value Your Feedback - Thank you!
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STM32 portfoli0 wma

/ Cortex-MO M2 . } ) ! Dual Core MCU /  Multi Core MPU
arm | Cortox.M0s Cortex M3’,, Cortex-M33 / Cortex-M4 ;' Cortex-M7 o o7 Dual Core Cortex@-A7
& Cortex®-M4 & Cortex®-M4

life.augmented Note ®: Cortex-M0+ Radio Co-processor, @ : Cortex-M4 Co-processor



STM32 Rolling Longevity Commitment

Longevity commitment is renewed every year

("« STM32F1 (launched in 2007) | A T A
- STM32L1 (launched in 2009) | 20 years of commitment
- STM32F2 (launched in 2010) . 19years of commitment 4
- STM32F4 (launched in 2011) . 18years of commitment 4
- STM32F0 (launched in 2012) | 17 years of commitment
* STM32F3 (launched in 2012) 17 years of commitment 4
* STM32L0 (launched in 2013) | 16years of commitment 4
 STM32F7 (launched in 2014) | 15 years of commitment 4
starting January - STM32L4 (launched in 2015) [ 14 years of commitment 3
1st 2019 « STM32L4+ (launched in 2016) | 13 years of commitment J
_ - STM32H7 (launched in 2017) ™ 12 years of commitment §
=> Until 2029 - STM32WB (launched in 2018) L oo
- STM32GO0 (launched in 2018) | 11 years of commitment Z
\_ * STM32G4 (launched in 2019) | 10 years of commitment Z

Lys
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STM32G4 SerieS ==

|deal for applications requiring MCU with advanced and rich analog peripherals

Control applications (Motor Control...)

{ I f —— ,, == Industrial equipment
STM32 64 S, P o

—
. - ~
o [ —

2 - - 7 . * Instrumentation and Measurement

Digital Power
 Digital SMPS (switch mode power supply)

 PFC (power factor correction)
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STM32G4 Series — Key Messages mm

Performance
« Arm® Cortex®-M4 at 170 MHz « ART Accelerator™ (dynamic cache)
- 213 DMIPS and 550 CoreMark® results + Mathematical accelerators

- Better dynamic power consumption (163uA/MHz) © CCM-SRAM Routine Booster (static cache)

Rich Integrated Analog and Digital

- Op-Amps (Built-in gain), DACs, Comparators * High resolution timer (184 ps)
- 12-bit ADCs 4Msps with hardware oversampling  © USB type-C Power Delivery3.0
- CAN-FD (flexible data rate — 8Msps bit rate) * 1% RC accuracy [-5°..90°C], 2% full T° range

+ Securable Memory Area

« Hardware encryption AES-256
« SIL, Class-B

+ SRAM with Parity bit

Safety and security focus
ﬁ * Dual Bank Flash with ECC (error code correction) Secure Live Upgrade
} Functional safety design packages

Complete portfolio

(:é:) - Complements existing STM32F3 Series portfolio  * From 32- up to 128-pin
‘_” - From -40°C up to 85 or 125°C devices + From 32KB to 512KB Flash
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Greater Performance

Pure 170 MHz CPU performance (Arm® Cortex®-M4) with 3 accelerators

Code execution performance

4 Arm Cortex-M4 with FPU
e 3.5 Up to 170 MHz CPU frequency
\ * | Upto 213 DMIPS and 550 CoreMark®
=]
23 s | results
2 )
——CCM-SRAM - Routine Booster 3 3 different HW accelerators:
—ART ON 15 3 _
—SRAM . T « ART accelerator (~dynamic cache)
——ART OFF - Full code acceleration (average)
= * Routine Booster CCM-SRAM
0 (~static cache) > determinism

Number of Wait States 1 2 3 4 5 6 7 8
preserved

CPU Clock (MHz) 1¢ 40 48 80 96 120 136 150 170 . Mathematical (CORDIC+FMAC)¢

S71
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& Mathematical Accelerators

Function acceleration and CPU offload

r : :

» Vector rotation (polar to rectangular): Sin, Cos
Vector translation (rectangular to polar): Atan2, Modulus
Sinh, Cosh, Exp

1. CORDIC (Trigo)
» Very helpful for Field <

Oriented Motor Control « Atan, Atanh
method (FOC) « Square root
e Ln
-~ ~ FIR filter IR filter

il
3

2. Filter Math Accelerator (FMAC)

« Can be used to create <
» 3p3z Compensator (- Digital power)

‘_ » Sigma Delta modulator
> /4

* Noise Shaper \

life.augmented



Reducing PCB Size and BOM Cost

System-on-Chip — All-in-one solution

Smaller package
DACs Fliltirs Fewer additional components
L - Allanalog included

Temperature

-

sensor =m
e Standard ,I
XTAL mm HEE STM32G4

Op Amps =

ADCs Comparators

Project cost $$$ Project cost $

life.augmented



Rich, Advanced Analog

Mixed-signal SoC for wide variety of applications

ADC (up to 5) ‘ Values Op-Amp (up to 6) ‘ Values
Topology SAR 12-bit GBW 13 MHz

+ HW oversampling = 16-bit Slew rate 45 Vius
Sampling rate Up to 4 Msps Offset 3mV over full T° range
| 1.5mV @ 25°C
nput Single-ended and differential PGA Gain (accuracy) 2,4,8,16, -1,-3,-7,-15 (1%)
Offset and Gain Auto calibration to reduce gain and 32, 64, -31,-63 (2%)
compensation offset

Comparator (up to 7) ‘ Values

DAC ”p o) ‘ Values _ Power supply 1.62 .. 3.6V
Sampling rate 15 Msps (internal) Propagation delay 16.7ns

1Msps (from buffered output) Offset 6. +2mV
Sett“ng t|me 16n3 HyStereSIS 8 StepS:

0,9, 18, 27, 36, 45, 54, 63 mV

3
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@ Key Features for Targeted Applications

Motor Control
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Home appliances, E-bikes, Air Conditioning

Fast CPU 170MHz

Mathematical accelerator (Cordic)
Advanced Motor Control timers

Fast comparators

4Msps ADC-12bit + HW oversampling
Op-Amp with built-in gain (PGA)
DAC-12bit

1% RC accuracy

(UART communication w/o external Xtal)

Industrial equipment

* Fast CPU 170MHz

* Mathematical accelerator (Cordic)

* High temperature 125°C

CAN FD support

SPI, USART, 2C o-c

Advanced timers

Real Time Clock with backup registers ‘

Dual bank flash for live upgrade

AES & security n
A

High-End
Consumer

S
o
=
o
o
©
=
=
(@]

Rechargeable devices, drones, toys

Low-thickness, small form-factor

Low consumption in run mode ~ 160pA/MHz
Embedded analog

SAl (Sound Audio Interface)

USB type-C Power Delivery 3.0 7%

Servers, Telecom, EV Charging station

Fast CPU 170 MHz

Mathematical accelerator (Filtering)
12ch High Resolution timer (184ps)
4Msps ADC-12bit + HW oversampling
Fast comparators (17ns)

Embedded analog

Dual bank flash for live upgrade
AES & security
FMAC for 3p3z compensation




Ease Digital Power Conversion

AN

Welding Industrial

Enhance your digital Wireless

<

power solutions using charger
the STM32G4’s full > uPsS
features High Telecom

power

Resolution Timer Power Factor

STM32 correction : ___v___.
Motor control
Servers and

/ Data center
: Lighting PV

? | % €S

(HRTIM)




€ HRTimer - Not only High Resolution...

High resolution PWM
» 12 channels with 184ps resolution on frequency and duty cycle
« 184ps is equivalent to 5.4GHz timer clock

el e
« 7x independent time base to create various shape of PWM ‘- i
«  6x complementary pair PWM outputs
«  Up to 32 set/reset transition per PWM period thx to the built-in crossbar
+ Master/Slave configuration for multi phase converter

Multiple Event handler

« 6x Digital and Analog fault input

* 10x Events cycle to cycle current control or PWM restart (constant Ton/Toff)
+ Blanking, windowing and digital filter

12 independent channels

[‘”— * Any topology supported from 1x 12 PWM (triple interleaved LLC (servers application)
’l up to 12x1 PWM (multiple independent buck converters (lighting)

fe.augmented



Set
point _'®_'

,
ARM Cortex-M4 core @ 170MHz
- FPU
* Enhance dynamics
* No scaling overhead
+ No saturation
+ DSP (fast MAC)
+ SIMD
« Parallel processing
* Low interrupt latency

ST’s product architecture
* ART accelerator

» Wait state removal
«  CCM-SRAM accelerator
* Real time execution
e Math accelerator
+ Cordic (Trigo)
* FMAC (Filtering)

\

Shaped for Control

\ 4

5x

12-bit 4Msps ADC

Lys '

SAR (no pipeline delay)
Low latency (250ns)
Low aperture time
(20ns) for snapshot
measurements
Simultaneous sampling
on multiple ADCs

HW oversampling

life.augmented

PWM Timers PWM
*170 MHz (5.9ns) PLANT |-
*HRTIM (184ps)
Direct HW path (no latency) e
* Instantaneous control load &
. O
e Protection S
< Q
+
7xComp §
- | 7XDAC | | £

Multiple fast Comparators

High BdW
Low offset
Prog. Gain

Digital feedback

Other Timers
» Quad encoder
» Halls sensors

Easy to use the
Analog and Digital
resources thanks to

high peripherals
interconnect and
flexible bus matrix




Greater Security

Integrated security features, ready for tomorrow’s needs

Securable
User Flash STM32Trust: a complete toolset user  AES Readout Write
an ecosystem for embedded security memory TRNG PCROP MPU protection CRC protection
Bank1 Bank2

O P e o o

) firmware install

STM32 (SF1)
Trust
Secure
u de (SFU
https /Www.st.com/stm32trust  SessesliEis
Mutual
®
Secura_ble Mempry Area: Firmware IP .
« Configurable size protection
Securable| |Securable « Can be secured once
" Secret key
Memory Memory exiting o ®
Area Area * No more access nor debug
possible N Secured .
ﬁ ﬁ » Good fit to store critical communication
data
m « Critical routines . .
* Keys . .




Dynamic Efficiency Modes

When Mainstream MCU Series meets low-power requirements

268 pis Wake-up sources: reset pin, few 1/0s, RTC
30 ps Wake-up sources: + BOR, IWDG
Wake-up sources: + all I/0s, PVD, COMPs,
11 cycles Wake-up sources: any interrupt or event

RUN (Range1 ) at 150 MHz from Flash 163 pA / MHz
RUN (Range1 boost) at 170 MHz from Flash 173 pA / MHz

Conditions: 25°C, Vpp = 3V

Note : * without RTC / with RTC
Ly
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STM32G4 Products Lines

Applications Specific

Memory Ana|09 Memory Dlgltal Power

A

r' s
512KB | @ / 512KB | i ‘@

General Purpose

@ S R7IclY <3 Performance line ; STM32G4x4 | Hi-Resolution line
Ly ---
¥
STM32G4x1 [N VA, : STM32F334 :
32KB Al 32KB I 1
—— I 1 —— [ —4
;| STM32F30x |
l [
— e o =/
‘ | | . | | »
LI 1 v T 1 >
32-pin 128-pin Pin Count 32-pin 128-pin Pin Count

life.augmented



@ Extensive & Innovative Peripheral Set

Lys

life.augmented

No compromise on what matters

Unit parameters

‘ STM32G474 ‘ STM32G473

STM32G431

Core, frequency Arm Cortex-M4, 170 MHz

Flash (max) 512 Kbytes (2x256KB dual bank) 128 Kbytes single bank

RAM (up to) 96 Kbytes 22 Kbytes

CCM —SRAM (code-SRAM) 32 Kbytes 10 Kbytes
4x 12-bit 2x 12-bit

12-bit ADC SAR 4 MSPS 4 MSPS

Comparator 7 4

Op amp \fvith 4 built-in gain 6 3

values with 1% accuracy

12-bit DAC 7 4

Motor Control timer 3x (170 MHz) 2x (170 MHz)

CAN-FD 3x 1x

12 channel Hi-resolution

Timer 1x i i

Power supply 1.72t03.6 V




STM32G47x

High Resolution and Performance lines [128KB .. 512KB]

Connectivity

4x SPI, 4x [2C, 6x UXART 5x 16-bit timers ‘

« 32-bit Arm Cortex-M4 core

X 1x USB 2.0 FS,
with FPU 1x USB-C PD3.0 (+PHY)

* ART + CCM-SRAM + 3x CAN-FD

High resolution timer
2x 16-bit basic timers

Arm® Cortex®-M4

Up to 170 MHz
213 DMIPS

T —— 3_x Advanced Motor Control
motor control timers timers

Mathematic Accelerators | 2x IS half duplex, SAl 2x 32-bit ti .
L S . Rich Advanced Analog
. -bit LP timer
- Dual Bank Flash with ECC LA .
o Floating Point Unit WIS © 3x CAN Flexible Data rate
. . . External interface
+ SRAM with Parity bit O Memory Protection Unit i 12-channel w/ 184ps . USB-C P Deli 3.0
] ESMC 8-/16-bit (TFT'I.CD, Embedded Trace (A delay III']B) - ower Ve Ivery .
* +/- 1% internal clock SRAM, NOR, NAND) Macrocell — .
T Analog - Advanced Security and Safety
. Ua 16-channel DMA + MUX
1.72 to 3.6V power supply 5 12-bit ADC w/ HW overspl features
— Up to 2x 256-Kbyte .
- Upto125°C Accelerators FIasthelr?gory kl ECC 7x Comparators * Robustness: highest level 5 /
n
ART Accelerator™ — 7x DAC (3x buff + 4x non-buff) FTB/ESD - IEC 61000-4-4

96-Kbyte SRAM

32-Kbyte CCM-SRAM

r Math Accelerators
Y/ Cordic (trigo...

life.augmented Filtering

6x Op-Amp (PGA)
1x temperature sensor

Internal voltage reference




S TM32G43x

Access line [32KB .. 128KB] and up to 512KB in H1-2020 !

Connectivity Timers
- 32-bit Arm Cortex-M4 core IR gl
with FPU 1% USB 2.0 FS 1 Arm® Cortex®-M4 2x 16-bit basic timer o Ad d Motor Control
' Up to 170 MH « 2x Advanced Motor Contro
* ART + CCM-SRAM + IKCAEL IS GEY P : 2x 16-bit advanced timers
Mathematic Accelerators 1x CAN-FD Floating Point Unit motor control timers
bit ti - Rich Advanced Analo
. Single Bank Flash with ECC  |CAeut bl NEFIREC Y S ’
1x16-bit LP timer « CAN Flexible Data rate
. . . Embedded Trace _
+ SRAM with Parity bit - T _
Accelerators + USB-C Power Delivery3.0

12-channel DMA + MUX Analog
Up 1o 128-Kbyte 9y 12-bit ADC + Advanced Security and Safety

Flash memory / ECC features
Single Bank

Math Accelerators 22-Kbyte SRAM
Cordic (trigo...)

m Filtering

life.augmented

*  +/- 1% internal clock
ART Accelerator™

- 1.72 to 3.6V power supply 10-Kbyte COM-SRAM

+ Upto125°C

4x Comparators

Robustness: highest level 5 /
FTB/ESD - IEC 61000-4-4

4x DAG (2x buff + 2x non-buff)
3x Op-Amp (PGA)

1x temperature sensor




STM32G4 Portfolio

Flash mamory / RAN size {byles]

STM32G484CE [ STM32G484RE ESTMI2GABIME i STMEZG4H4VE I STMI2G4840E
STVE2G47AVE Il STMA2G4740E
Bl2K/1a K STM32G4A3VE
STMI2GA7ACT i STMSZRAT4RC S TMZRATAMC I STis26474vc I STVE2647400
266 K/ 128K STMA2637300 [l STMA2ATIAC STw26T3vC [l STME2G17300
STMIZGAT408
128K/ 128 K
STM32647308
L IR L Ol 51132644 KB STM32G441VB
STM3ZG431VE
(TR0 S S TM326471K6 I STM32643104 Il STMS2G43 1R8 [STM32G471 MB RN STM32G431VE
L L N S Th32G4 01 K6 Il STM32643 166 [l STM32G431R6 | STM32B431VE ]
* Pinmcount
32-pin 48-pin B4-pin Bll-pin 100-pin 128-pln
LOFPAOFN LOFF/OFN LOFPWLCEP LOFPIWLCSP LOFP/BGA LOFP

Legend: ] CoymtoaEs-256 [ Avatiable in H1 2020

Lys
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Broad Portfolio

Portfolio extended to support budget applications efficiently

More memory and pin counts More packages
Flash 64-pin | 80-pin 100-pin 121-pin | 128-pin
memory | o0 | Gew WLCSP  BGA
(bytes)
512K | v v v v v v
EXl v v | v v v v
Es - - | v v v v
a8« v v | v v Lorp
322K [ 1 v
ﬁ Note: new packages in STM32 portfolio

life.augmented



STM32G4 Hardware Solutions

Accelerate evaluation, prototyping and design

STM32 Nucleo Evaluation boards Motopra(z:la(ntrol Discovery Kits

Flexible prototyping Full feature STM32G4 Full feature for Motor Key feature prototyping
evaluation Control and Analog
* NUCLEO-G431RB + STM32G484E-EVAL + P-NUCLEO-IHMO03 + B-G474E-DPOWI1
« NUCLEO-G474RE « STM32G474E-EVAL + B-G431B-ESC1
* NUCLEO-G431KB » STM32G474E-EVAL1

Lys
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STM32G4 Software Tools

Complete support of Arm Cortex-M ecosystem

All-in-one STM32 programming tool
ArmekeEiL S@YSI’QI\I/E Multi-mode, userfriendly

| — '

CubeDE e = CubeProgrammer

—

2 eclipse

—w ,J

CubeMX

Compile and Debug
STM32CubeMX Flexible Solutions STM32CubeProgrammer
+ Configure and generate Code » Partners IDE, like IAR and Keil + Flash and/or system memory
» Conflicts solver * Free IDE based on Eclipse, like * GUI or command line interface

STM32CubelDE*

‘,’ * SW examples will be available in Q4 19
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Motor Control

Complete ecosystem (HW boards, SW Development Kit
(SDK), docs and trainings)
«  X-CUBE-MCSDK (v5.4)
Motor Control FW library based on STM32Cube HAL and LL

Motor control workbench: Graphical configurator of the motor
control library linked with STM32CubeMx

P-NUCLEO-IHMO3: Motor Control Nucleo pack
NUCLEO-G431RB Nucleo-64
X-NUCLEO-IHM16M1 motor driver
expansion board
Low Voltage motor

State of the art algorithms (FOC, 6-step, sensorless...)

Rs Ls
Motor Profiler: Plug and spin your motor ., PoKe

within less than one minute

Dedicated Ecosystems

Digital Power

Complete ecosystem (HW boards, FW examples, SW
tools, docs and trainings)

Dedicated HRTIM Cook Book - AN4539: How to operate
the Hi-Resolution timer in different topology

Digital Power training (PSU and PFC) — based on STM32
G4 series — done in collaboration with Biricha (from Q4

2019)

Lys
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STM32G4 mixed-signal
MCU workshop

Hands On:
STM32G4 Discovery Kit Demo

‘ ’ ’ life.augmented

STM32 G4




Tools mem

Systems Check

Cube Programmer

USB cable

B-G474E-DPOW1 Discovery Board
STM32G4 Family Cube Library




All switches
Down

Lys
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CN2
USE Type-C™
receptacle

SWi1
Octal mechanical
switch

ug
LTC3114-1

CN1
STDC14 debug
connector

LD7
5V LED

LD6

V3 LED

B-G474E-DPOWT

Jumpers — 1 of

_"- 46 4
ETDCHd  Ri06 M1

CagieE
RIOIAE

o Kys

cng  MBT428A wim
! :D s

p

Rii4enio
2 1

05
-EI 11

CN3
USB micro-B
ST-LINK receptacie

LDY
COM LED

LD8
overcurrent LED

usg
STLINK-V3E MCU

Attach USB
cable here

k| INSTALLED

STL;PISRST O P E N

JP5
5V _SELECTION

INSTALLED on STLK



B-G474E-DPOWT

Jumpers — 2 of 2

LD&
V3 LED G pann B3
2 _
u3
STM32G474RETEU
JP4
DD
measurement I N STA L L E D
LD
RGE power LED
LD2, LD3, LD4,
62 LD5 user LEDs
Joystick
JP2/JP3
Speaker B1

r i f ol | 4 Iﬁww . RESET button
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B sTM32CubeMonitor-RF Properties
Sscurty Detais: Previous:Versions
Gerieral Shortout Compatibiity
!%! 5TM32CubeManitarRF
Targettype:  Application
Target location: STM3ZCubsMantor-RF
Target: |132CbeMantorRAS TM32CubeMontar A ave |
Start in ‘“m \Program Fuasxsmmndmmsmmq
Shortcut key- ‘Nnne |
P [ Momal window “

Commert:  [STM3ZCubeMontorRF 21.0 |

| Openfielocation | Changeleor.. | | Advarced. |

CubeProgrammer

Start up

SafeNet {:t

Software license agreement l

ST Motor ControlSpK... v [l

Sticky Notes m

5TM32CubeMonitor-Power... F':'}L_

STM32CubeMX Prg

Advanced Properties

[T | choose the advanced

[F1Run as admiristrator

sdministrator, while protecting
e

‘activity.

- | Riiny Iy sparats memary space

Seitings

ST IPS4260L GUI

ST Motor Control SDK... ~

STMBCubeMX
STM32CubeMuenitor-RF

STM32CubeProgrammer

Skype for Business 2016

ST Motor Contrel SDK...

5T Toolset

STM32CubeMonitor-Power

ST32EubeMonitor-UCPD




CubeProgrammer m=m

Splash Page - Connect

[l sTM32CubePragrammer — ] X

Connect

Data width | 32:it

Mo data to display

Firimware upgrade

Log Verbosity level @01

12:35:49 : STM32CubeProgrammer APIv2.1.0




CubeProgrammer

Splash Page — Open File

[ sTM3I2CubeProgrammer — O *

ST|
CubeProgrammer

Memory & File edition

Davics memory T K Ope n Fi Ie

Address | 0x08000000 | - | -

Address 0 4 g -
UxDSOﬂbOUU 20000560 020001ED 08002060 08002431
0x08000010 08002069 02000520 68003009 0Q000000
0x08000020 00000000 00000000 00000000 08002DED
0x08000030 080005F3 00000000 G8002D6F 0B002DEF
0x08000040 08000207 08000207 468000207 08000207
0x08000050 08000207 02000207 068000207 08000207
0x08000060 08000207 02000207 68000207 08000531
0x08000070 08000207 02000247 08000207 08000207
0x08000080 08000207 02000207 468000207 08000207
0x08000030 08000207 08000207 68000207 068000207
0x08000040 08000207 02000207 068000207 08000207
0x08000080 08000207 02000207 08000207 08000207
0x080000c0 08000207 02000207 08000207 08000207

Verbosity level

: Size: 16 Bytes
“Bank - (=02
: Address - 0x40022070
: Size: 3 Bytes
- UPLOADING ..
Size: 1024 Bytes
: Address - 0xB000000
Read progress:

‘ -38:46 : Time &lapsed during the read cparation iv: 00:02:00.001

life.augmented




CubeProgrammer

Find Demo.hex

[ sTM3I2CubeProgrammer — O *

W

ST
CubeProgy

Open File

Address 0x08000000 |

Address

anasnCEn asannacn ASARDInER AcAnDATT J g =

0x08000050 08000207 02000207 068000207 BBO00207 Licianamasaine
0x08000060 08000207 02000207 68000207 08000531 ....ooisonas = B
0x08000070 08000207 02000247 08000207 BBO00ZO7 osconimasaiiadnii
0x08000080 08000207 02000207 468000207 08000207
0x08000030 08000207 08000207 68000207 068000207
0x08000040 08000207 02000207 068000207 08000207
0x08000080 08000207 02000207 08000207 08000207 Lioaonomasanies
0x080000c0 08000207 02000207 08000207 BRQ00207 eescosimssetenig

Verbosity level ®1 2

: Size: 16 Bytes
“Bank - (=02

: Address - 0x40022070
: Size: 3 Bytes

- UPLOADING ..

Size: 1024 Bytes
Address - 0xB000000
Read progress:

 Time elupeed during the read operation 5. 00:09:00.001

life.augmented



CubeProgrammer

File Folder

[ Open fite x
& “ 4+ ThisPC » MyPassport4T (M:) » 2012 5TM32G4 Workshop » HandsOn_Lsbs » Demo v 0 | Search Dema o
Organize » Mew folder =~ [ 0
5 I Music A Nare h Dt Fiodified Tye Sk

> B pasees CToemaie e TG GA¥E]

> B Videos

3 fEe Windows (C2)
5 g DIS_GATARE (D¥)
¥ My Passport 4T (M)
w2019 STM32G4_Workshop

> . Documents w

AI;..-% =
Open File

File name: |Dema.hex vl |F¥nrmﬂﬁiﬁ['.hlr¢'

N

Lys
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CubeProgrammer

Move Demo.hex from the PC to the Discovery board

[ sTM32CubePragrammer

STM!
CuibeProgrammer

Q

Memory &

Address

0x08000050
0x08000060

Address | 0¥8000000 Z |

0

08007505
08007320

Size 00

4

08007509
0BOOT515

Data width

8

08007500
08007333

| 32.6it

c

0x08000000 20000968 08007409 08007319 08007318 it sasass i
0x08000010 0800731D 08007 31F 08007321 00000000 2 TRRNL JUS £ e | ‘
0x08000020 40000000 00000000 0000000 0BOAY323  coiacaamenas #s..

0x08000030 08007325 00000000 08007327 08007329 2SS

0x08000040 080074F5 080074F9 080074FD 08007501 ot olrboaytos o

08007511
08007515

0x08000070 0800751D 08007521 08007525 08007529 BT RO B VRS 11 PR [ THER
0x08000080 68007520 08007531 08007535 0BOOT535 cidmis S Bu
0x08000090 0800753D 08007541 08007545 08007339 JAu..Eu..9s:.
0x080000A0 08007549 0800754D 08007551 08007555 Iu..Mu..Qu..Uu..
0x08000080 08007559 0800755D 08007561 08007565 Yu..Ju..au..eu..
0x080000C0 08007569 0800756D 08007571 08007575 T MU QUL LUl

L7 U ¥ P I T

S TUREE S PUSE PR T

Verbosity level

Address - 0xd0022070
12:38:46 - Size: 3 Bytes
12:58:46 : UPLOADING ..
12:38:46 - Size: 1024 Bytes:
12:38:46 - Address - 0xE000000
125846 : Read progress”

§:46 - Time elapeed durme the read operation 1= 00:00:00.001

8- Read File: M:\2019 STMB2G4 WaorkshopHandsOn,_Lahs'Demo'Demo hix

218 : Number of segment=” |
19 - A -

N TATHL
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B-G474E-DPOWT

Press RESET (Black Button) — LED’s cycle

LDB 2 E‘ . - L7
3V3LED g
U3 _
STM32G474RETEU
JP4
IDD
measuremeni
LD
RGE power LED
B2 LLB%uLsZ?’LIE%t: LE D,S CYCIe
Joystick
0 -
e
e
JP2P3 P _
et S RESET button PRESS Qu |Ck|y

ﬁ connection
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CubeProgrammer

Address | (s8000000 | =

Address 0 4
0x08000000 20000968 08007409
0x08000010 0800731D 08007 31F
0x08000020 40000000 00000000
0x08000030 08007325 00000000
0x08000040 080074F5 080074F9
0x08000050 08007505 08007509

0x08000060 08007320 0BOOT515
0x08000070 0800751D 08007521
0x08000080 68007520 08007531
0x08000090 0800753D 08007541
0x080000A0 08007549 0800754D
0x08000080 08007559 0800755D
0x080000C0 08007569 0800756D

Log

Data width

g
08007319
08007321
60000000
08007327
080074FD
08007 50D
08007333
08007525
08007535
08007545
08007551
08007561
08007571

| 32.6it
c
08007318
00000000
08007323
08007329
08007501
08007511
08007519
08007529
08007539
08007339
08007555
08007565
08007575

Bt. Ut .yt .ui.

L7 U ¥ P I T

S UARPE Y PR PN TR
TR DTG (TR | T P
cidmis S Bu
JAu..Eu..9s:.
Tu..Mu..Qu..Uu..

Yu..Ju..au..eu:.

Tu. .MU . QUL LUl .

Verbosity level @

12:38:46 - Address - 0xd0022070
12:38:46 - Size: 3 Bytes
12:58:46 : UPLOADING ..
12:38:46 - Size: 1024 Bytes:
12:38:46 - Address - 0xE000000
125846 : Read progress”

2:58:46 - Time slapeed durng the read operation is: 00:00:00.001

13:51:18 - Read File: M- 2019 STM32G4_WorkshopHandsOn_Labs'Demo'Demo hex

15:31:18": Number of segmenss- |
i T

BT InT: N TATHL




CubeProgrammer

Getting back home — “CompletedLab”

For all of today’s Hands On Labs:

. The *.hex file is available to you as a final product of the lab if
you get lost along the way and still want to see the result of the
lab.

. The *.uvprojx file is available to you as a final result in case you
want to pull it up in KEIL MDK-ARM and just walk through the
files you see there.

. The final STM32CubeMx *.ioc file for each lab is made available

to you if you want to see the finished product of the lab or if you
want to extend the lab with your own design ideas.



STM32G4 mixed-signal
MCU workshop

Hands On:
ADC Gain Compensation

‘ ’ ’ life.augmented

STM32 G4




Tools mm

Systems Check

USB cable

B-G474E-DPOW1 Discovery Board
STM32G4 Family Cube Library
STM32CubeMx

Keil MDK-ARM




Analog to Digital Converter

G4 ADC

» Up to 5 multi-input ADCs Internally connected to:

« 4Msps - 12bit SAR Voltage reference

» 16bit hardware oversampling Temperature Sensor

« 2X to 256x oversample ratio 6 Op Amps

- DMA Multiple Timers ( + HRTimer)
« 3 Analog Watchdogs / ADC

« Single Ended or Differential inputs

* Independent clock



@ Analog to Digital Converter

New Features — Gain and Offset Compensation

Gain Compensation:
» Activated on all converted data
 Effective for oversampling

e (Calculation is done after

accumulation

» And after right-shifting
The lab will use this feature to show
the voltage directly in millivolts
without need for post computing of
the converted data

Lys
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Offset Compensation:

« Analog Watchdog performed on
unsigned values after gain and
offset compensation

The lab directly translates the

conversion data from the ADC

range to the application range



Analog to Digital Converter

External
Voltage source

Block Diagram

Internal
Temperature
Sensor




@ ADC Gain Compensation

« Setting the GCOMP bit in ADC_CFGR2 activates the gain
compensation

« The compensation is applied to all the converted data.

« After each conversion, data is calculated using the formula:

(GCOMPCoef fcient)
4096

Data = Data(AD Crosyis)X

Where the GCOMPCoeffcient is a 14 bit value (16384).
Since this value is divided by 4096, the gain factor ranges
from 0 to 3.999756

gmented
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T STM32CubeMX Properties

Seourty Detals Previous Versions.
General Shorteut Compatibiity
m STM32CubeMX
Tammettype:  Application
Target location: STMIZCubsMX
Targst: [ M32C0be\ STMI2CUbeMX\STMIZCube MK 2xe” |
Statin: |"C,\ngfam Fll\STMmda!mrﬂm'\STMm|
Shortcut key- |Nnne |
Run: [ Mol window =
Comment:  |STM3ZCUbeMXx 530 |
| Openfielocation | | Changeleon. | | Advanced . |
| ok || Coneel

Start up

SafeNet {:t

Software license agreement l

ST Motor ControlSpK... v [l

Sticky Notes m

5TM32CubeMonitor-Power... F':'}L_

STM32CubeMX

Advanced Properties

[T | choose the advanced

[F1Run as admiristrator

sdministrator, while protecting
e

‘activity.

- | Riiny Iy sparats memary space

STM32CubeMx

Seitings

ST IPS4260L GUI

ST Motor Control SDK... ~

STMBCubeMX
STM32CubeMuenitor-RF

seProgramimer

Skype for Business 2016

ST Motor Contrel SDK...

5T Toolset

STM32CubeMonitor-Power

ST32EubeMonitor-UCPD

STM32TrustedPackageCrea...



STM32CubeMx m=m

[ STM32CubeMX Untitled

Splash Page — G4 Library Installed?

CuthalY

i @

File Window Help

m Embedded Software Packages Manager

STVSACUES MEU Fasliages || STMicroslectronics

% STM32Cube MCU Packages and embedded software packs releases

Releases Information was last refreshed less than ons hour ago.

| | Description

|* STM3zF7

g STM32G0

|¥ STM32G4

: STM32Cuba MCU Package for STM32G4 Series
: STM32Cubs MCU Packaga for STM32G4 Series

Manage software installations

Check for STM32CubeiMX and embedded sofiware packa.

CHECKIFOR URDATES

Install or remove embedded software pacl

kai
1. Install/Remove

Detalls

New multicore STM32MP1 Series

il for Industrial and loT applications
58870 CROSS SELECTUR
/_._\\

(4D

OpenSTLinux "l

Install Now Bemuove how Clpse

\\_ Digtribwtion

Lys

Lys
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STM32CubeMx

[ STM32CubeMX Untitled — ] *

1. File—Load Project

File

sTM
CubehX

[ Load Project x

Existing Projects New Project manage sow  Look In || ADE_GainCampensation w | B @ 0g B85
: EWARM
Recent Opened Projects Check for 5|
I need to : |n C
ADC_GainCompensation.ioc -
Last modified date - 15/07/2019 6:12:26 Start My project from MCU Sic

Install -}
ADC_OffsatCompensation ioc b=atprIeg mADC_GalnEompansatmn g

Last modified date - 22/08/2019 11:27:41
Single_CCM_Boost_PFC_G4 ioc
Last modified date * 08/08/2019 8:56:30

New n
for Ind

Lennex_IHMOO3 ioc
Last modified dale - 27/08/2019 15:52:49

HG31.ioc:
Last modified date - 27/08/2019 14-16:08

FileName  [ADC_GainCompensation iog] |
Files of Types |5'-|-MEECLIDEMP': project Files (Joc) ._,|

7 HEHBH

Other Projects

rr

437 C:\..\STM32Cube\Repository\STM32Cube_FW_G4_V1.1.0\Projects |
eonmeres \B-G474E-DPOW1\Examples\ADC\ADC_GainCompensation



STM32CubeMx

Graphic Design Representation

Lys
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[ STM32CubeMX ADC_GainCompensation.ioe: STM32GATARETx

sz’ @ File

CubeMx Window

inCompensation.ioc

Pinout & Coenfiguration

el Avallable only i GPAMPY i< used

 Timers b

Help

t & Configuration

ADCY_IMD

® T
®

v Pinout

STM3I2GAT4RETX

ADC1_INT4.




STM32CubeMx

ADC1_IN10, ADC1_IN14, Gain Compensation

[ STM32CubeMX ADC_GainCompensation.inc: STM32GAT4RETx

- ] X
Ly widon oy x &7

Clock Configuration

Additional Software
ADC1 Maods and Configuration

~ Pinout

GENERATE CODE

Project Manager

1 Pinout view Systam view

System Core: 2

Analog ek

ADCZ
ADC3
ADCA
ADCS

'
INg |Disable . v |
: A
&/ Disabie L ~|
IN10 |[N10 Single-erided I N 1 O v
11 [Disable

[ IN12 Single-ended
IN14 ‘H’Nd Single-ended
LI IM15 Single-snded

Reset Configuratinn

© Paramstar Setlings |

} Configure the below parameters

==

Qifsieamh Gkt & [i]
Clock Prescaler Synchronous clock mode divided by 2
Resolution ADC 12-bit resolution l
Data Alignmant Right alignment
Scan Conversion Mode Disabled
End Of Conversion Selection End of single conversion
| i Doviaer At WALt Pirahiad

‘Gain Compensation

The default value1s: 0 .

Since GainCompensation is a parameter without check, you can anter any value.




STM32CubeMx

Gain Compensation Expanded

Data Alignment Right alignment
Gain Compensation VDDA_APPLI * GAIN_COMPENSATION_X1_FACTOR. / DIGITAL_SCALE_12BITS
Scan Conversion Mode Disabled

(GCOMPCoef fcient)

Data = Data(ADCrpsys)X 4096

Lys
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STM32CubeMx

Project Manager — Keil MDK-ARM V5

[ sTM32CubelX ADC_GainCempensation.inc*: STMIZGATARETx - m| ®

-3
sTM322 0 i i
iy File Window Help

ADC_GainCompensation.ioc - Project Manager GENERATE CODE

Pinout & Configuration Clock Configuration Project Manager

Froject Settings

Project Name
|ADC_GamCompensaton 1 |

Project Location
|Iauaer\STM32’Cube\Repos’Jtufy\STMEECube_FW_G—‘l_W 1.0%Projacts\B-(

OWiExamples\ADC. Ongin al|

Application Structure

iBasuc ~ | [C] Da not generate the main(}

Toolchain Falder Lacation
irn PASTM3ZCube FW_G4_V1 1 0WProjects\B-GATAE-DPOW 1 \ExamplestADT_OngimalADC_GainCompensation)|

Cude Gengranor
Toolehain / |CBE
MOK-ARM V5 ] iGenetate
EWARM VT 1
[VIDK-ARM V4

AN 2. MDK-ARM V5
STM32CubelDE "
Advanced Seltings ?W"'_STW?

TrueSTUDID

Makefile

Other Toolchains (GPOST)
Meu Reference
|STM32G474RET>

Lys
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STM32CubeMx

FILE->SAVE PROJECT

[ sTM32CubeMX ADC_GainCompensation.ioc™: STM32G474 - O x
sz @ Eile
CubeMX

New Project
' Load Project ..

Pinout & Configuration f
Save Project
Project SemHISewe Project A
Project Nam: Close Pr Sae e

|ADC_GamCi Generate Report cuim |

I = ]
Project Loca Recent Projects ¥
lausenSTMA Exit ciix e FW G4 V1 1.0Projects\B G474 DPOW T Examples\ADC._Orginall

Application Structure
iBasuc hd | [Zl Ba not ganerate the main()

Toolchain Falder Location
im rASTM3ZCube FW_G4_V1 1. 0\Projects\B-G4TAE-DP OW 1 \ExamplestADC_Cnginal\ADC_GamCompensation))

Toolchain /IDE

MDK-ARM V5 v | |5 enatate Uniter foct
Linikeer Settings

Minimum Heap Size lax200 |

Minimum Stack Size 400

Advanc

Meu and Firmware Package

Mecu Refarence
, l [STM32G4T4RET
mare Package Name and Varsion

life.augmented




STM32CubeMx

Generate Code

m STM32CubeMX ADC_GainCompensation.ioc™ STM3ZGATARETx

- . N A= .
STMZ (s n ~}<:
oS File Window Help %) n ’ "’

Home 5 1 ADC_GainCompensation.ioc - Project Manager

Pinout & Configuration Clock Configuration Project Manager

Project Settings
Project Name
/ADC_GamCompensation

Project Location
IausenSTM32Cub=\RepositarySTM32Cube FW_G4_V1 1 0\Projects\B-GATAE-DP OW1\Examples\ADC_Orginal

Application Structure
[Basic ~ | [ Do not gensrate the main()

[0 code Generation %

0 The Code s successfully generated under C:/Users/|effery blauser/STM32Cube/Repository/STM32Cube: FW_G4 V1.1.0/Projects/B-GATAE-DPOWExamples/ADC_Cngmal/ADC_GainCompensation

(opan Faolder W Cpan Project

Minimum Heap Size [ox200
Minimum Stack Size 400

Advanced Seltings

Meu and Firmware Package

Mcu Reference
[STM32G474RETx

Lys
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Keill MDK-AR

ol e

Keil Start up page

KA C\Users\jeffery blauserSTM3IZCube\Repositor/\STM32Cube_FW_G4_V1.1,0\Projects\B-G474E-DPOW1\Examples\ADC_OriginahADC_GainC
File Edit View Project Flash Debug Peripherals Tools S¥CS Window  Help

NEEF & aB| 9 c|e=|Prn R e Bz | B wrsaor SEe Q-
E‘ ADC,Ga#n(umgensahunFHﬁl F e ﬂ|

MDK-ARM\ADC_Gai 158

e 0O @-|E-| A

Project B ] mamc
£ %5 Project ADC_GainCompensation 1 /% OSER CODE BEGIN Header */
=4 ADC_GanCompensation 2R/
4l 2 Application/MDK-ARM 5 oo,
& cvsis - + 8133 Examplss/ADC/ADC GainCompensation/Sro/main.c
= . 5 4 fauthor MID Application Team
=[5 Application/User & + @hiri=f This sxampls provides a short description of how the ADC
u main.c T £ peripheral with SeqQUencer, ©o convert several channsls.
[ stmazgcite 3 . Channcls converted are 1 channel on external pin and 2 internal
D 7hai 9 & channsls (VrefInt and temperaturs senscr).
_ gdxe_hal msp.c 10 e Moregver, VGlLags and temperature are then computad.
5 Doc 11 T
[ readmeddt 12 * Gattention
i [ Drivers/BSP/B-GATAE-DPOW1 1'3 .
= T s 4 * <h2><centervicopy; COopyraght (¢} 201% STHicroe
e D = P AL Prver 1s + A11 righcs reséxved.</cencer></h2>
1] stm3Zgdice_hal_gpio.c 18 .
| stm32gaec hal.ade.c a7 * This scftware component is licensed by 5T under BSD 3-Clause license,
Lﬂ str32gdice_hal_adc_exc ig * thes "License"; You may not use this files except in compliance with ths
2 _Ij _d = 19 « Lipznge. You may obtain a copy of the Licenge at:
| stma2gdocll adc.c 20 B apenscurcs.org/licenses/ASD-3-Clavse
1] stm32gae hal tim.c 21 F
B stinias bal bin s 22 A
1] stm3zgdiec Il puric a3 A
B 2 * GSER CODE END Headi &
B e hal.c 2; /* GSER ader 4/
l_ﬂ stm32gdoc_hal_rece 28 /
| stm32giiec_hal_rec_enc 27
1] stm32gdsee hal flash.c :g y p
E * Erivats includes -
L stm32gec hal flash_exc 30 /+ GSER CODE BEGIN Includes */
1] stm32gdicc_hsl_flash_ramfune.c 31
|) stm32gaec hal extic 42 /* GSER CODE END Includes */
d helamie ;2 PR - JoE /
rivate typeds “
L_j “Hini32gbed bl dima_nce 35 /* USER CODE BEGIR PTD */
1] stm3Zgaec hal pwr.c e
| stm32gaec_hal_pwr_exc 37 /* GSER CODE END PTD 4/
1] str32gdiee_hal_cortenc 38
= = 89 /* Privace defins af
=D Chls 40 /* GSER CODE BEGIN ED */
41 /* Definitions of environment analog values */
. an e S P T S e v Y,
ElProject | @ uooks | {3 Funcions | Dy Tempiates | <

fe
life.augmented Find In Files



Keill MDK-AR
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Check the Device Pack

C:.l.lsaz-ﬁffflu BlavisenSTMILCube' Eepostan\STMEZCube FW G V1 IWProjectn B-GIE
File Edit WView Project Flash Debug Penpherals Tools  SVES  Window  Help

NBEAd@ 4 2B 20 |w= PRBAR EEER
@*E&ﬂ@ﬁ'ﬂ:l]ﬁ|AﬂEEamCumpematrun|_J$|ﬁ%*ﬁ?@|
ﬁﬂ ]_'Im| N
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G4 Device Pack

Keill MDK-AR

ol e

3. Exit

<

Action ;?. left): Update Pack descriptions,

0., CO/ Cmsis_pack/Tepo/NEP LPCS4102_DFR.pdse

8 Pack Installer - m:\Keil_vSVARMIPACK — [m] b4
File Packs Window Help
| Device: STMicroelectronics - STM325474
bl | Bl | b
- X Pack | Action E)gscﬂpﬁonﬂ [
Summary = Device Specific [1Pack STM3Z -
% @ Silicon Labs 906 Devices =l | = & Unptodute [[STM 2 KeII-STM32G4XX DFP
@ ¥ Sinowealth 1 Device - Generic 40 Packs " " —
E@ SONK 50 Devices ® AlibabaAliOSThings |« (nstall A0S Thing  [Frere paer
@ STMicroelectronics 1284 Devices 0 ARMEAMP __@ I_n_rtzll Software comNJnents far inter processar communication (Asymmetric Multi
51 %2 STBIueNRG Series + Dewice # - ARMICMSIS Up ta date | CMSIS (Cortex Microcontroller Software Interface Standard)
& “W"i STBlueNRG-1 Series T Device i+ ARM:CMSIS-Driver Up to det= || CMSIS Drivers for external devices
51 %2 STBIlueNRG-2 Series + Dewice # - ARM:CMSIS-Driver Va... | € Up to date || EMSIS-Driver Validation
i %% STMB2FD Series 117 Devices i ARM:CMSIS-FreeRTOS Up to dat= || Bundie of FreeRTOS for Cartex-M and Cortex-A
5398 STMIIF1 Seres 95 Devices ) -ARM:CMSIS-RTOS Val... | €8 Up to date || CMSIS-RTOS Validation
%% STMAZF2 Series 45 Devices & ARMembedClient | @ Instsl ARM mbed Client for Corter-M devices
& T ‘STM32F3 Series 30 Devices T ARM:mbedTLS @ _Install ARM mbed Cryptographic and SSL/TLS library for Cartex-M devices
1% STM32FA Series 205 Devices & ARMzminar & Instal mbed 05 Scheduler for Cortex-M devices
5198 STM3IF? Seres 115 Devices ) -ARMETFM 73'.3" > _Install Trusted Firmware-M (TF-M] is the reference implementation of Arm's Platfor
34 Devices 1* EmbeddedOffice::Flex... &2: Install Flexible Safety RTOS
118 Deevices ) Keil:ARM_Compiler g Upto dete || Keil ARM Compiler extensions for ARM Campiler 5 and ARM Compiler
m »tg STMI2G437 74 Devices # Keil:iMXFT 105 MWP :52 Inetall= MNXP .V BT 105x MDK-Middleware examples and CMSIS-Drivers
& A% STM3ZGA] 8 Devices P &) Keil:Jansson _@‘ Install Jansson is a C library for encading, decoding and manipulating JSON date
i #% STMI2GAT 17 Devices /I [ﬂ Keil:MDK-Middleware | Upto dete | Middleware for Keil MDK-Prefessional and MDK-Plus
& 4% STM3ZGATS 25 Devices & AwlPlwlP _@_‘ Install IwlP is a light-weight implementation of the TCP/IP protocol suite
4 STMIzGTA 1 ST M 32 G 474 M MDK-Packs:8WS laT ... &‘2’ Install= SDK for connecting to AWS IoT from a device using embedded C
@ 48 STM3zZGARY 3 Devices . % MDK-Packs:Azure [oT | Instsll- Microsaft Azure (0T SDKs and Libraries
) fE sTM3zG4ed O Defeee \ [ bt M MDK-Packs:cJSON &‘2’ Install Ultrslightweight JSON parser in ANSI C
& 45 STM3ZGBK1 Y Disiices N & MDK-Packs:Google lo... _@_‘ Install= Gaogle Cloud loT Device Connector
H 9 STM32HT Series 22 Devices # MDK-Packs:laT_Socket &‘2’ Install Simple [P Socket (BSD like)
= STMEZL(!S;EWE. 152 Devices & MDK-Packslsmn _@_‘ Install Minimalistic ISON parser/ izerin € _|
& "ES’ STM32L1 Series 81 Devices _vl il ) MNK-PacksBahn MM |05 incall= Frhedded MOTT /7«4 Chenf lThrrh--c _bl—
iCannot download file hittpuYmclxprasso.nip.com/emsis_pack/rap o/NXP. LPGﬂmSMTDFdesc Ilegal MIME type ‘text/fitml' ~
icannot download file bittpu/melxpresso fxp.com/emsis_pack/rep o/NEP.LPCS4018_DFP.pdsc lllegal MIME type ‘textzhiml
\Carnot download file httpuimelixpresse,mip.comfemsis_pack/iep o/AXP.LPCI4101_DFP.pdse: lllagal MIME type texthtm!
v




&) Keil MDK-ARM mm
Check the Options
Cillsziczsfeny blatisenSTMIAZCube Eeposton\STIME2Cule FW_G4 V1.T.0\Projectn B- G845

File Edit WView Project Flash Debug Penpherals Tools  SVES  Window  Help

‘j;ﬁgﬁ| S -G T ih"‘:-|.__zEff-'ff-;
@*Eﬁﬂ@ﬁ't‘fljﬁ|AﬂEEamCumpematrun|_J$|ﬁ%*ﬁ?@|
e BN ) manc
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Keill MDK-AR

Clock speed and Debug

Optinns for Target 'ADC_GainCompensation' *
e Taoet |t | e | Usr | /0| A | Lk | Bt it
STMicrelectrunics STM32G474RET rGate sy Ner :
_:qaqi_'MHﬂ— I‘LﬁﬂT |Used&fa.ﬂt[:m'q;:ﬂer version § _‘*]
Operating system: [ Nane 3 ochie Optimzation
Sysiem Viewer File: ¥ Use MicrolIB T i Ermlan
[T 74 v 1. || PostngPont Havhears:  [Sngie Frecison v
™ Use Custom File:
default  off-chip Start Size Startup | | default  off-chip Start Sizer Nalnit
r AoMm: | | e RAME | | r
I RoMZ: | | r r Ramz | | r
I Roms3: | | r ™ RAM3 | | r
¥  IRom1: [BOOOD0  |(x80000 * M IRaM1: [D20000000  |0:20000 r
oMz | | T  IRaMz | | r
m oK Cancel |  Defaubs | Hep |

life.augmented



Keill MDK-AR

ST-Link Debugger - Settings

Optinns for Target 'ADC_GainCompensation' *

M e

ol e

Device | Target | Output | Lsting | User | C/C++ | Asm | Linker Debug | Uniies |

7 Use Smmulstor  with metctions Seffings I ¥ Use:
r unﬂﬁpmdm ﬁﬁﬂi—'['ﬁrne'
¥ Load Appiication at Startup ¥ Rurtamain() v Load pgpmaé _ M Run
Initialization File: Initialization Fle: 1 .
| J = | |
- Restore Debug Session Setiings i~ Rastore Debug Session Settings
V. Breakpoinis ¥ Toalbox v Breakpoints v Toolbox
¥ Watch Windows & Perfomance Analyzer ¥ Watch Windaws
¥ Wemory Display v System Viewer ¥ Memory Display ¥ System Viewer
CPU DLL ‘Parameter Driver DL Parameter.
|5AF€MCM3.DLL |-HEM-AF‘—I'~EPU |5ARMCM1DLL |.—MFU
Diglog DLL:  Parameter: Dialog DLL: Parameter:
|D€_1'IH_ULL [pCM4 |T{ZM.DLL |pCh4
[T \Wam & mutdated Executable is loaded [ Wam f oitdated Executabls is loaded:
Manage Companent Viewer Desorption Fles . |

[ ok | Comcel | Dcfauts | Heo |
Kys
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Keill MDK-AR

ST-Link/V3 & TRACE

M e

ol e

Cortex-M Target Driver Spup *
Debug | Trce | 2. TRACE |
— Debug Adapter & ce
1 ) Unit: |enERIetE - IDCODE | Device Name | Move
[ Shareable ST-Link SWDIO 0x2BAD1477  ARM CoreSight SW-DP (ARM Core p |
0]
Serial Number: ﬂl
I 1e31375M % Automatic Detection ID CODE: I
Version: HW: |V3 FW: |V3-|3M2 € Manual Configuration Tz Meme |
[¥ Check version on start Add | Delete | Updatel IF: ler: | ap: [0
— Target Com
F‘ort:ISW 'I
Clock
’7F{eq:| 10 MHz Selec:ted:l 8 MHz
Performance Profile: IHigh Perf vI
— Debug
—Connect & Reset Options Cache Options Download Options
Connect: |under Reset v | Reset:|Atodetect ~ v| | | ¥ Cache Code [™ Verfy Code Download
¥ Resst after Connect [~ Stop after Reset ¥ Cache Memary [ Download to Aash
’ l oK I Cancel Apply
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1. 150

Core Clock & TRACE Enable -

Kell

Before

MDK-AR

M o

ol e

Cortex-M Target Driver Setup

Debug Trace |Fiash Download | Pack |

> Core Clock: | 150.000000 MHz

— Trace Port
| Serial Wire Output - UART/NRZ ~ |

SWO Clock Prescaler:l 13
¥ Autodetect

SWO Clock: I 11.538461 MHz

¥ Trace Enable (]2_ TRACE Enable

= Tlace Cveris

— Timestamps
¥ Enable

Frescaleﬁ1 vI [ CPI: Cycles per Instruction

— PC Sampling

[~ EXC: Exception overhead

[ SLEEF: Sleep Cycles

Prescaler: |1ﬂ24‘16 :,' [~ LSU: Load Store Unit Cycles

[” Periodic

F‘eriod:l <Disabled:= [~ FOLD: Folded Instructions

[ on Data R/W Sample ¥ EXCTRC: Exception Tracin

—ITM Stimulus Ports

E]| Port 24 23

Port 16 15 Port 8 7 Part 0

Enable: |ﬂ=‘FFFFFFFF 7 v o o ol 7 7 e el v v g o v ) o) el v e o o o v v

Privilege: I[hDDDDDDﬂB Port 31.24 |v

Port 23.16 [~ Pott 15.8 [ Pot 7.0 [~

— Advanced settings

[ Owerwrite CYCCNT

[ lgnore packets with no SYNC

3. Uncheck EXCTRC

| I
hJ

4. Uncheck all but 15

oK I Cancel

Apply
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1. 150

Keill MDK-AR

Core Clock & TRACE Enable - After

M o

ol e

Cortex-M Target Driver Setup

Debug Trace |Fiash Download | Pack |

> Core Clock: | 150.000000 MHz

— Trace Port
| Serial Wire Output - UART/NRZ ~ |

SWO Clock Prescaler:l 15
¥ Autodetect

SWO Clock: I 11.333333 MHz

¥ Trace Enable (\2 TRACE Enable

= Tface Cveris

— Timestamps
¥ Enable

[ CPI: Cycles per Instruction

Prescaler: Ih vl
— PC Sampling

[~ EXC: Exception overhead

Prescaler:lﬂ]z-l‘m 'I
[” Periodic F‘eriod:l <Disabled:>

[ on Data R/W Sample

[~ SLEEP: Sleep Cycles
[ LSU: Load Store Unit Cycles
™ FOLD: Folded Instructions

[~ EXCTRC: Exception Tracin 3
V.
l

Uncheck EXCTRC

Uncheck all but 15

—ITM Stimulus Ports
31 Pot 2423 Pot 1615  Por 2 7 Pot 0
Enable: | (00002000 T T T T FTT I I I T r I FTTTrrrrd 4_
Privilege: [(:00000002 Port 31.24 [~ Port 23.16 [ Port 15.8 ¥ Pot 7.0 ™
— Advanced settings
[ lgnore packets with no SYNC
[~ Overwrte CYCCNT
5. OK) 0K | Cancel Apply
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Cillsziczsfeny blatisenSTMIAZCube Eeposton\STIME2Cule FW_G4 V1.T.0\Projectn B- G845

File Edit WView Project Flash Debug Penpherals Tools  SVES  Window  Help

ﬁ;ﬁmﬁl -'_ral : “I*--- IF i*‘""l-—_EEJ’f"’*’f’f*

]_'Imim:|




Keill MDK-AR

Error about line 233 in main.c

K C\Users\jeffery blauser\ STM32Cube! Repositony\ STM32Cube_FW_G4_V1.1.0\Projects\B-GAT4E-DP OW1\Examples\ADC_CriginalADC_GainCompensation\MDK-ARM\VADC _GainCompenss
Fite Edit “iew. Project Flash Debug  Penpherals  Tools SVCs  Window Help

MBEH@| L B2 0= | P RA R EEE G| B wsror FRa® Q- e s a-|E A
@ l-ﬂ @ @' | ﬂ-ﬂ| .ﬁDC_GamEumpemationi_ﬂ f\| ﬁ %ﬂ " '“} @l
Project: AE | ] maine | ] mainh |
E " Project: ADC GainCompensation 226 /* USER CODE END ADCL Tmit 1 */
=@ ADC_GainCompensastion 227 /%% Common config
3 Application/MDK-ARM 2al = 4/
= (& AoplicationfUs i 223 hadcl.Instance = ADCL;
I At Lske 230 | hadcl.Init.ClockPrescaler = ADC CLOCK SYNC PCLE DIVZ:
w L] main.c 231 hadel.Init.Besolution = ADC RESOLUTICN 12B:
&0 stm32gdbo_rt.c _z:';z hadcl.Init.Dataflign = ADC DATARLIGHN RIGHT; .
&) s Kl [X 233 | badcl.Init.GainCompensation = WDDA APPLI * Y FAGIOR / DIGITAL SCALE 12BITS;
- B 234 hadcl.Init.ScanConvMods = ADC SCAN DISABLE;
e 235 | hadcl.Init.EOCSelsction = ADC EOC SINGLE CONYVj
L] readmetit 23g hadcl.Init.LowPowerButoWait = DISEBLE;
@ 4 Drivers/BSP/B-GATAE-DPOWT 237 hadcl.Init.ContinuousConvMode = DISRABLE;
mllr Drivers/STM32G45 HAL Driver 238 hadel . Init NbrOfConversion = 17
Build Output

Eebuild target 'ADC GainCompensation'

assembling startup stm32Zg4T4xx.s...

conpiling main.c...

LJS8re/main.c(233): error: #20: identifier "V FACTOR"™ is undefined
hadcl.Init.GainCompensation = VDDA APPLI * V FACTOR / DIGITAL SCALE 12BITS;
../8rc/main.c: 0 warnings, 1 error

1. V_FACTOR

> /4

life.augmented
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Fiejea Wl i 1) |
8% Praject: ADC_GainCompensation =1 £2 | /* USER CODE BEGIN Private defines */
i4es ADC_GainCompensation €3
Eal | Application/MDK-ARM .f.'t_-! Hf* User can use this section o tailor ADCH instance under uwse and sssociated
= [ Application/User ::f:} | FEscurtRm Y/
1. Main.c =3 mﬂn[ &7 | /* Definitioms of data related To this examnple */
Lj b.g47de dpowlh it /* ‘Full-scale digizal walue with & resolution of 12 bits (voltage Tange 7'
|_'3 b_g474e_dpow)_conf.h 59 f% determined by analog woltage referenges Vzef: and Vzef—, L
L.] b gd7de d . h 70 f* refer po reference manual). .s
“ghifepons mmmo; 71 | #define DIGITAL SCALE 12BITS (GxFFFUL)
L3 cmsis_armec.h 72
L_] cmsis_compilerh T3 F* Init wariahle out of ANC expected conversion data range Lra
u cmsic version.h "J"_! fdefins VLR CONVERTED DATA INTT VILOE (DIGITAT. SCRIE. 12BITS + 1)
A - =
. L'] v.:?r.tre_cnﬂ.h 76 /* Gain compensation xl factor L)
2. Main.h 1 main.h b fdefine GRIN COMPENSATION X1 FACTOR (Gx1000TL)
U] mpu_amyTh e
| stddefh TE /* USER CODE END Private defines */

Lys
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Paste mto line 233 in main.c, FILE—-SAVE, BUILD

st STRMEZCube FPW_GA VT1I0WPrajectss B-GATSE-DPOW N Bampl=" A0 C_OniginalADC_GainCorrpensstion\MDI-ARMEDT_ GainCompericn

Cillseisz=fieny blaussn STMIZCube B
File Edit WView Project Flash Debug Penpherals  Tools SVCS  Window Help

B EHF L 2R (e | PRBAR|(EEEL
| &2~ | -F{l ADC GamCumpematrunlu| $| Rl @I
2 ﬂ.| L] maine | ] mainh |

[  waitForiac Mae a-| e :-@t--|;}_§_-»|-\|-

g _GainCampensation e | :zzlﬁé /* USER CODE END ADC1 Init 1 */
3 GainCompensation 122? = /** Common config
pplication/MDK-ARM SRRy
¥ B prar ] hadcl . Instance = I\DC]_'
& = Application/User 230 hadcl.Init,ClockPrescaler = ADC CLOCK SYNC PCLK DIVZ:
£ L main.c 231 hadci.Init.Resolurion = ADC RESOI.!III{}N 128
] b.g474e dpowl h 23z hadcl.Init.DataAlign = ADC DATARLIGN RIGHT:
[ b.g474x dpow?_éonFh b 233 hadcl,Init.GainCompensation = VDDA APPLI * GAIN COMPENSATION X! FACTOR / DIGITAL SCALE 12BITS;
) b.qd74e.dgow?ermodh 234 hadcl,.Init.ScanConvMode = ADC SCAN DISABLE:
- = Ealils 235 hadcl,Init.EOCSelection = ADC EOC SINGLE CONV;
1 emsis ammech 23§ hadcl.Init.LowPowsrAucoWait = DISEBLE:
] cmsis_compiler,h 237 hadecl,Init.ContinucusConvMode = DISABLE:
N e R 238 hadcl . Init.NbrOfConversion = 1:

Build Cutput

compiling system STm3Zg4XX.C...

linking...

Program Size: Code=5444 RO-data=576 BW-data=B0 ZI-data=129¢

FromELF: creating hex file...

ADC_GainCDmpensatinn\hDC_GainCDmpensatinn.hex: Warning: QSS31W: Your license for feature EKeil will expire in 30 days
‘ Finished: 0 information, 1 warning and 0 error messages.

,’ 'A.DC_GainCDmpensatiDn\ADC_GainCDmpensatiDn.axf" — 0 Errori(s), 0 Warning(s).

life.augmented Build Time Elapsed: 00:01:18
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M
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Load

Chllszisiz=fany blusen ST 2Cube! BEeposton\STIBZCubke FW G V1. 1.0WProjects B-GRE
File Edit WView Project Flash Debug Penpherals Tools  SVES  Window  Help
_‘lﬁgﬁ|i _lﬂ| ""|'|"|Fff??.'_'i1"7 == JE Js

© [F B . e
"Fri{fei:f ZX ﬁ H ]Jm [

i T T TR TR R -

Build Output

#eion X Contents mismatch at: 08001860H (Flash=38H Required=C5H)

Contents mismatch at: 0800182&l1H (Flash=46H Redgquired=FEH)
Contents mismatch at: 03001262H (Flash=FEH Reguired=38H)
Q Error: Ffa:Sh[;‘ﬂWl‘lh!&dfﬂ“E_l_i - “Cartex-mMa" Contents mismatch at: 080018e¢3H (Flash=F7H Regquired=00H)
Contents mismatch at: 0B001364H (Flash=BSH Regquired=&0H)

Contents mismatch at: 08300182&5H (Flash=FCH Redquired=&CH)
,’ Too many errors to display !

Error: Flash Download failed - ™"Cortex-M4™

life.augmented




@ Keil MDK-ARM

Options

Cillsziczsfeny blatisenSTMIAZCube Eeposton\STIME2Cule FW_G4 V1.T.0\Projectn B- G845
File Edit WView Project Flash Debug Penpherals Tools  SVES  Window  Help
NBEAd@ 4 2B 20 |w= PRBAR EEER
@*E:l] Ey &2 :‘i:l Jﬁ| ADEEamCumpematrun|_J$| & 'Q" & @|
Praje AEN ) manc

|—|mﬂ'l.lnrlﬂ-'|"‘-




Keill MDK-AR

ST-Link Debugger - Settings

Optinns for Target 'ADC_GainCompensation' *

Device | Target | Output | Lsting | User | C/C++| Asm | Linker Debug | Uniies |

7 Use Smmulstor  with metctions Seffings I ¥ Use
r unﬂﬁpmdm ﬁﬁﬂi—'['ﬁrne'
V' Load Appiivation at Startup [V Runta main() v Lo 1 . at Starup ¥ Aun
Inttiglization File: Initialz
| J = | |
- Restore Debug Session Setiings i~ Rastore Debug Session Settings
V. Breakpoinis ¥ Toalbox v Breakpoints v Toolbox
¥ Watch Windows & Perfomance Analyzer ¥ Watch Windaws
¥ Wemory Display v System Viewer ¥ Memory Display ¥ System Viewer
CPU DLL ‘Parameter Driver DL Parameter.
|5AF€MCM3.DLL |-HEM-AF‘—I'~EPU |5ARMCM1DLL |.—MFU
Diglog DLL:  Parameter: Dialog DLL: Parameter:
|D€_1'IH_ULL [pCM4 |T{ZM.DLL |pCh4
[T \Wam & mutdated Executable is loaded [ Wam f oitdated Executabls is loaded:
Manage Companent Viewer Desorption Fles . |

[ ok | Comcel | Dcfauts | Heo |
Kys
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Keill MDK-AR

Flash Download — Add

Cortex-M Target Driver Setup

Debug I Trace Fash Download | Pack I

— Download Function

4/\ & ¥ Program

RAM for Algorithm

LoRp  ©
% Era 1 rz v Verfy &art:l[h:ZMIlIl] Size: |0x1000
" Do *l | Resetand Run
— Programming Algaritt
Description | Device Size | Device Type | Address Range I
STM32G4xx 512 Single Flash B2k COn-chip Flash 08000000H - 0BO7FFFFH
Start:l Size:

Add I Femove |

o]

Cancel

Apply

ol e

M e
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Keill MDK-AR

STM32G4xx 512 Dual Flash

Add Flash Programming Algerithm ot
Description | Flash Size | Device Type | Crigin | .-n.
STM32G4xx 512 Single Flash 512k On-chip Flash Device Family Package

STM3I2Gdo 512 Dual Fash 3 On-chip Flash Device Family Package

AMZ9 128 Flash 16M Ext. Flash 16bit  MDK Core

KaP5615UGA Dual Flash 64M Ext. Flash 32bit  MDK Core

LPC 184 3o MX25VB035F . am Ext. Flash SPI MDK Core

LPC18xx/ 43 S25FLO32Z 5P 4M Ext. Flash SPI MDK Core

LPC 180/ 430 S25FL0GL SP... am Ext. Flagh 5P| MDK Core

LPCAD /8 S25FL0O3Z SPIFI 4M Ext. Flagh 5P| MDK Core

LPCE460x MT250Q1L128 SPIFI 16M Ext. Flash SPI MDK Core

M29WE40FE Fagh am Ext. Flash 16bit MDK Core

MIMXET 105 EcoXiP Fash 4M Ext. Flagh 5P| MDK Core

RC28F640J3x Dual Hash 1EM Ext. Flash 32bit MDK Core

S25FL1285_WaC 1EM Ext. Flazh SPI MDK Core

S529GL064N Dual Fash 1EM Ext. Flash 32bit MDK Core

S29JL032H_BOT Rash 4M Ext. Flash 16bit MDK Core

SN M?H TNP Fash AM Fst Flash 1Rkt MK Cnirs i

Selected Flash Algorthm File:

m: Kl _v S ARMWP ACK Keil

TM3IZG4e_DFPY1.1. 0MCMSIS W Aash S TM32G 4w _512_Dual FLM

Add

Cancel
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Remove Single Flash

M

ol e

Cortex-M Target Driver Setup >

Debug I Trace Fash Download | Pack I

— Download Function RAM for Algorithm
LOAD " Erase Full Chip ¥ Program
_Fi % FErase Sectors [V Verfy &art:lih:ZCH]]]]]] Size: 1000
(" Donot Frase [~ Reset and Run
| — Programming Algarithm
| Device Size | Device Type | Address Range

08000000H -

x 512 Single Flash 030
(:2000000H - 0807FFFFH

; On-chip Flash
512 Dual Flash

On-chip Aash

Start: I&D&]]IHII Size: |(= 00030000

Add Remaove I

life.augmented
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,’ 3. > ok | Cancsl Apply
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Load

M

ol e

Cillsziczsfeny blatisenSTMIAZCube Eeposton\STIME2Cule FW_G4 V1.T.0\Projectn B- G845
File Edit WView Project Flash Debug Penpherals Tools  SVES  Window  Help

ﬁﬁmﬁl -'_ral : “I*--- Ll i*‘""l-—_EEJ’f"’*’f’f*

1] unnnmt|

ZX :w‘

[

Build Qutput

Flash Load finished at 07:02:32

Load "ADC GainCompensationi\“ADC GainCompensation.axf"
Erase Done.

Programming Done.

Verify CK.
,’ Flash Load finished at 07:12:10
<
ife.au L




Keill MDK-ARM

Debugger

E Cill=rsi=feny Blaussn ST 2Cube) Begosmtan\ STRMEZCule FPW_ & VT TINProject= B-GATEE-DROW M Bxamipl= A0 C_OngiralhADC_GeinComipensstion  MDE-ARNMMELIC_GainCarmp
File Edit WView Project Flash Debug Penpherals TJools: SVES  Window Help
MBS A L @9 = | PREREEE /G| B watrox Fae a-le oo a-|Hx| A
£ [H B 2 0| W apccaincompensationv] 45| B R & & @| /\

dae @-je o
o i)

life.augmented
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@ Keil MDK-AF

Add 2 Lines - main.c about line 153

148 while (1)

139 5 1

1590 /% USER CODE END WHILE +/

151

11_52_." /* USER CODE BEGIN 3 “f

153 Display ADC Data mVolt=uhADCxConvertedlata Voltage mVolt; //3sb Jjust for display
154 EE‘:L_Delaj,r[l}; /f3ab 1ImS update rate

155 [}

156 /* USER CODE EED 3 */

Line 153 is a global variable for use by the Logic Analyzer
Line 154 is set to 1 millisecond to pull this data from the micro to the PC for
display in the Logic Analyzer.

See ¢:\2019_STM32G4_ Workshop\HandsOn_Labs\ADC_GainCompensation
Kys Then CodelLinesForMain_ADC _GainCompensation.txt

life.augmented
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M
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Add Line - Place variable in the Analyzer — main.c about line 62

58 /* USER CODE BEGIN BV #*/f

B8 JS* Privace variasbles )
&0 Sf* Varishles far ADC conversion dats computatian o physicsl vslues 0 f
[ RE _ID uj_ntl_ﬁ_t.' ohADCxConvercedDatas Voltage mVolt = 00; S* Value of vyoltage an GBEI0 pin (oo W
62 uwintls v Displey ADC Deta migl=+——li==b
€3 /* USER CODE END FV */ Split Window horizontally
G4
€5 [f* Brivate function prorctypes Insert “Simcudefie ’
€66 wvoid SystemClock Config{void); Taggle Heaﬁe:ft'ip'difﬂﬂt
67 static void MX GPIO Init{woid) e S
= = Go To Definition OF 'D ADC Data_mVolt’ Fi2
68 static void MX DMA Init{void); e 'epiay ADC_Data_mi
€9 static void MX ADCL Tnit{void) G0 To Next Reference To 'Display_ADC_Data_mValt’ Ctrl=Num =
70 static void MX TIMI Init(veid)  goTo Previous Reference To ‘Display. ADC_Data myelt Ctrl=hum -
71 J/* USER CODE BEGIN EFE */ : :
72 1 | Add 'Display_ ADC_Data_mVolt' to... ’ Watch 1
F3: S USER CODE ENL) BFE . -
74 Inseit Facepointat 'Display ADC Dsta mVail’.., ] W :
v E‘.E’i"’.FErEE user cods Enable/Msabie Tracepoimt Memory 1
76 J* USER CODE BEGIN O */ )
77 % Insert/Remaye Boakmark Corepz | Memaw2
F8: S USER CODE END 0O @&/ ! T 3
78 “} Linda otrl== MEIIII:IW 3
80/ (% Redo CHi=Y Memury 4
‘ , 81 i @gbhrief The applicatcian en N cut Cirf e 2
a2 ' @repwal int .
life.augmented n= . L Fri=
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Setup — Min=0x40, Max = 0x70

1 Setu [Setup...[Load..[ ] MinTime MaxTme Gnd Zoom | Min/Max |Upde
P Swe] | 0s [ 0s [ 053 [ ]ou]lA] o] [Unde] [Sim
% S Setlip Logic Avalyzat
)
© 4| | CurentLogic Analyzer Signais: 21X
l-'fi J
.@Ulsa’.samnh I
] maing |
56
5T
58 £ >
oo | [SonelOsplay —  Diplay Fonge I
&1 Display Type: |.lm1og vl Max: |Civ.?0 =
::2; Color: ||| | Min: [0
&4 ™ Hexadecimal Disglay /\
:i - Display Formula (Signal & Mask) >> Shit————/_ N—1 7
&7 And Mask: [BFFFFFFFE  SmitFont 0] D |
70 Export Signal Defirtions. . | Import: Signal Definftions.. |
Lys 7 T O
]
73 :
> /4 o | e
life.augmented 3; 3. CIOSe >| | | |
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@ Keil MDK-AF

RUN

E Crills=rsi=fany Blaussn S5 T2 2Cu
File Edit View Project Flash

rrrreri’
e

u
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Logic Analyzer Output — Noise at the ADC input

M e

ol e
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@ Keil MDK-AF

Trace Overflow

‘

| g;;-ijta'iljiatk%LnicaIs @'natf Exceptlans |£TEEuenr Counters | [E Memary 1 |
Trace: Data Owverflow 5T-Link Debugager

ADC_Trigger source = {which peripheral}
ADC_Trigger source clock speed = MHz
ADC_Trigger source prescaler =
ADC_Trigger Speed=___ Hz

ADC Resolution = bits

SWO data throughput for ADC data =

Sl




STM32CubeMx mem

New Signal Source — Please do these steps in order

Q| V] o ADC1 Made and Configuration ‘
System Core > N6 [Disable
IN7 |Disable
Analog s
. M6 [Disable A
- h /1
1 ADC 1 EBDicatie : :
: o K 4, Disable IN10
ADC3 —
ADCA IN11 |Disable
ADCH [11M12 Single-ended
COMPY A
ey IN14. [IN14 Single-ended 5 D|Sab|e IN 1 4
.
COMP3 N [ IM15 Single-endad
2 Temp Sensor > M Tempersture Sensor Channel
. I}Jnﬁ:lu ration I
COMPT o -
pacy 6. FILE
Dacz
pAca 7. SAVE PROJECT
DACA .
OPAMPY
OFAMPZ
e ] e B 8. Generate Code
OPAMPA ~ ADC Regular_ConversionMode . . .
ORAMPS Enable Regular Conversions Enable 9 S\N t h t K I W d W
L DPAMPG Enable Regular Ovarsampling Disable " I C 0 el I n O
Number Of Gonversion 1
External Trigger Caonversion Source Timer 1 Trigger Out event
Timers * Extemal Tngger Conversion Edge Tngger detection on the nsing edge
e Rank 1
Cannectivity > Channal [Channsl 10 ¥,
Sampling Time Channel 10
Multimedia > Ofset Number Channel 14
r A ~ ADC_Injected ConversionMade [Channel Tempearature Sensar 3 T m p S n r
Securly g Enable Injected Conversions Disable " e e SO
~ Analog Watchdog 1 ADC_CHANNEL TEMPSENSOR ADC1
Me > S HF A . i
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Keill MDK-AR

File Changed? Yes & Yes

ol e

M e

uVision

2]

Ch\Users'jeffery

blauser\STM32Cub e\RepositonSTM32Cube P G4 V1.1.00Pr
ojectsB-GAT4E-DPOWT Examples\ADC- Original ADC_GainCa
mpensation\MDK-4RM\startup_stm32g474xu.5

File has been changed autside the aditor, reload 7

Yes I MNe

uVision

@

Ch\Users'effery

blauser\STM32Cub e\Repositon/STM3ZCube PW G4 V1.1.00Pr
ojectsB-GATAE DPOWT\ExamplesiADC OriginahADC_GainCa
mpensation\Srcumain.c

File has been changed outside the aditar, reload 7

Yes I MNe

Since Keil was left open, it understands the Cube made some
changes to the underlying files. You do not have to shut down Keil
or the Cube, but leave them open. Click yes to each of these
windows.
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About line 77 in main.h — GAIN_COMPENSATION_X1_FACTOR

Project 2H | ] mainc ) mann |
£ "% Project: ADC_GainCompensation E| €2 | /* USER CODE BEGIN Private defines */
l4g5 ADC_GainCompensation 63
i [ Application/MDK-ARM :; Ef* Uaer can ".EEI? this section Lo tailor ADCK instance under use and =ssociated
e g resources *
= L7 Application/User ==l
=g .ma:i‘n.c &7 | /* Definitioms of data related To this examnple */
L__.'] b gd7de dpowlh 68 /* ‘Full-scale digizal walue with & resolution of 12 bits (voltage Tange 7'
'..] b_g474e_dpow)_conf.h g3 /* determined by analog woltage rafsrsnges Vraf: and Vrsf-, L
3 5 _d' ¥ 70 /* refer to reference manuall. ./
s e 71 | #define DIGTTAL SCALE 12BITS (GxFFFUL)
L_J cmsis_armec.h 72
ij cmsis_compilerh 73 /* Init wariahle out ef ADC sxpected conwersion data range L
1 i veigan® T4 fdefine VAR CONVERTED DATZ INIT VALUE (DIGITAL SCALE 12BITS + 1)
I ) 75
o
5 "'] v.:?r.tre_cm-i.h T6 /* Gain compensation xl1 factor */f
Main.h 1 main.h T fdefine GRIN COMPENSATION X1 FACTOR {Gx1000TL)
L__.'] mpu_armvi.h i
'..] <tadeFh Tf F* USER CODE FEND Priwate defines */
£=J

Since our previous change was not placed
T between the USER comment bumpers, we
7’ed have to make the change again
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Paste into line 233 in main.c

i Ciullszis=ffany Blavisen STIMIZCube BepostonASTMIZCuke FW_ G4 V1.1 ProjectsiB-GATHE-DPOW N Eampl= A0 C_OniginafADC_GainComipensstion \MDI-ARMEDT GainCompericn

53
File Edit WView Project Flash Debug Penpherals Tools  SYES  Window Help
LB 9t | e | PRRAR| == E L
Lﬂl _J&I}C_Gain::urnpematrunEJ fﬁ| ﬁ % ;Q ‘?} @l

| e (Vs |

# waitForizc Mae a-| e Z-@ﬁr'|ﬁ?.|ﬁ|

£ 7% Project: ADC_GainCompensation | 228 /* USER CODE END ADCY Init 1 */
Eide ADC_GainCompensation 227H /** Common config
& [ Application/MDK-ARM 228 - ¢/
E T prar ] hadel . Tnstance = ADC1;
& 2 Application/User 230 hadcl,Tnit,ClogkPrescaler = ADC CLOCK SYNC DCLK DIVI:
& 1] mainc 231 | hadcl.Init.Resolution = ADC RESOLUTION 128;
] b.g474e dpowl h 232 hadci.Init.Dataklign = ADC DATARLIGN RIGHT: . .
) s disow._ecarh b 233 hadel.Init.GainConpensation = VDDA APPLI * GRIN COMPENSATION X1 FACTCR / DIGITAL SCALE 12BITS;
[} b.ahke.dpow_errmodh 234 hadel.Init. ScanConvMode = ADC SCAN DISABLE;
- ! Ealils 235 hadcl, Init.ECCSelection = ADC EOC SINGLE CONV;
1 cmsis amech 236 | Thadcl.Init.LowPowerRuroWait = DISABLE:
L] emsis_compiler.h :3:;:";_' hadel.Init,ContinuousConvMode = DISABLE;
T R 238 hadcl, Init.NbrOfConversion = 132
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Keill MDK-AR

Paste into line 59-61 in main.c

M o

ol e

54 f* USER CODE BEGIN BV */

55 /* Private variables ————————————————————
56 /* set to 1 after User push-button interrupt */
57  TO uint32 t UserButtonStatus = 0;

o8

58  uintlé t Display DACIDOR]:

60 wuintlé t Display DAC3DORZ:

€l uintlé t Display ADC3INIL;

62 wuint3Z t *ts call p = (ulnt32 t¥)O0x1FFEFTSAL;

63 wuint3Z t *ts cali p = (uint3Z t¥)O0x1FFFToCA;

64 uintle t TS5 CALL;

65 uintle t TS CALZ;

66

Lys
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Keill MDK-AR

Paste into line 62-66 in main.c

54 /* USER CODE SEGIN BV */
5 /* Brivere wverishles . —_ — —

ol e

BE6& /* ser to 1 after User push-button interrupt */
57 _ IO uint32_t UserButtonStatus = 0;

58

56 uintlé t Display DACIDORI:

60 uintlé t Display DAC3DORZ;

61 wintlé t Display ADC3TIHI;

§2 wuint32 t *ts call p = (uint32 t*)Ox1FFFTIAS;
62 uint32 t *ts cal2 p = (uint32 t*}O=x1FFFTSCA:
64 wuinclé t TS CALI:

65 uintlé t TS CALZ:

66 uinclé t© ﬂiaplay TemperatuIEE

Lys
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Keill MDK-AR

Paste into line 131 in main.c

ol e

126 /* USER CODE EBEGIN 2 ¢/

.!,'2':?'[—] /* Initialize the User push-button.

;iﬁ = It i3 uged for changing the gain &/

129 BSP FB Init (BUTTCN USER, BUTTCN MODE EXTI);

130

131 /* Eatablish the Temperature Semsor Calibratiom Values &/
132 TS ALY = *r3 call p & OxF¥EE; J/Bead only the two LSBs l
133 TS CAL2 = *ts cal2 p & OxFE¥F; //Read only the two LSBs
134

Lys
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M e

v

Debugger

E Cill=rsi=feny Blaussn ST 2Cube) Begosmtan\ STRMEZCule FPW_ & VT TINProject= B-GATEE-DROW M Bxamipl= A0 C_OngiralhADC_GeinComipensstion  MDE-ARNMMELIC_GainCarmp
File Edit WView Project Flash Debug Penpherals TJools: SVES  Window Help
MBS A L @9 = | PREREEE /G| B watrox Fae a-le oo a-|Hx| A
£ [H B 2 0| W apccaincompensationv] 45| B R & & @| /\

dae @-je o
o i)
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@ Keil MDK-AF

RUN

E Crills=rsi=fany Blaussn S5 T2 2Cu
File Edit View Project Flash
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Keill MDK-AR

VIEW—System Viewer—ADC—ADC1, then ADC1_DR = 0x02F5

M e

ol e

File Edit  View Pr

4. ADC1 poc » B8

= I 3. ADC :
D_u_ull_| ::;au .
e = CORDIC ADC3
_Eli! = TRE Property Value
Praject |!EJ Project Windaw CREC ADC2
e Y
£ proje €9 Books Window CRS ARS ISR =
= }I {} Functions Window DAC b ADCI2 Common ----|ER
# L (), Tempiates Window BEGMCU ADC345. Common ----CR
EIE = source Browser Window DMa ] N i ....CFGR
jE Build Output Window DMAMUX & CFGR2
Error List Window
el = & SMPR1
oy 5 FindIn Files Window FDCAN s
=& _ -
5] Command Window Fne
L= e - TR
& E|@I Disassembly Window —
] '.! =t = 1
=L@ symbols Window T H
(B reasters window Fq._sH P - TR3
= , % o :
|\ Cal Stack Window e =" - SQR1
i‘ WA 3 HRTIM P L startup stm3zgdiacs - SOR2
Memory Windaws » =l *| RCC_OscInicTypeDef - SQR3
| e g WWDG HCT_ClkTnitTypeDef
(elWmsows RCC_ PeriphCLKTnitT; - 50R4 D
‘ Analysic Winigious v LFTIMERT
i Trace » o2 "r:r' Lonfigurs ths ¢ ""DR """ ADC1_D R=OX02 F5
| ; . nvic 1 H--J50R 0
System Viewer i R HAL PWREx ControlilVt |
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Internal Temperature Sensor

Temperature Calculation —RM0440, section 20.4.31

Temperature(°C) = X (TS Data-TS Call) + 30°C
TScalz—TS_Call — —
Table 5. Temperature sensor calibration values
Calibration value name Description Memory address

TS ADC raw data acquired ata
TS_CAL1 temperature of 30 °C (+ 5 °C), Ox1FFF 75A8 - Ox1FFF 75A9
Vopa = Vrer+ = 3.0V (£ 10 mV)

TS ADC raw data acquired ata
TS_CAL2 temperature of 110 °C (£ 5 °C), | Ox1FFF 75CA - Ox1FFF 75CB
VDDA = VREF'I' =30V (i 10 rnV)

110-30
1373 =795

Temperature (°C) = x (757 —795) + 30 = 24.7°C

Lys
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@ Internal Temperature Sensor

New Gain Factor

110-30
1373 =795

Temperature (°C) = x (757 —795) + 30 = 24.7°C

110-30
1373 =795

We know that the ratio for Gain Compensation is 0-3.999756 for 0-16383 span.

= 0.238

Our new Gain factor is

0.238  GCompCoeff
3.99756 16383

GCompCoeff = 975 = OXx03CF



ol e

@ Keil MDK-AF

Main.h - FILE->SAVE—BUILD

T5
TE f* Gain compensation x1 factor */
TT Fdefine GF&IH_DDHPEHSF&TIDH_I{I_FF&CIGR (Ox03CFEIL)
) i
FROM:
Ox1000UL
TO:
0x03CFUL
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Debugger

E Cill=rsi=feny Blaussn ST 2Cube) Begosmtan\ STRMEZCule FPW_ & VT TINProject= B-GATEE-DROW M Bxamipl= A0 C_OngiralhADC_GeinComipensstion  MDE-ARNMMELIC_GainCarmp
File Edit WView Project Flash Debug Penpherals TJools: SVES  Window Help
MBS A L @9 = | PREREEE /G| B watrox Fae a-le oo a-|Hx| A
£ [H B 2 0| W apccaincompensationv] 45| B R & & @| /\

dae @-je o
o i)
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Keill MDK-AR
Logic Analyzer Output
Setup... | Load... +| Min Time Max Time  Grid Loom
Save..| || O0s  |2386922s | 1s IR

’a

2145812s

Results are in the mid-20°C with just a bit of noise



STM32G4 mixed-signal
MCU workshop

Hands On:
DAC Signal Generation
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Tools

Systems Check

USB cable

B-G474E-DPOW1 Discovery Board
STM32G4 Family Cube Library
STM32CubeMx

Keil MDK-ARM




@ Digital to Analog Converter

G4 DAC
» 3 external outputs: Internally connected to:
« DAC1-OUT1 and OUT2, 1Msps « Voltage reference
« DAC2-OUTH1, 1Msps « External Triggers
* 4 internal outputs: « Comparator inputs
« DAC3 and DAC4 * Op Amp inputs
« OUT1 and OUT2, 15Msps « Multiple Timers ( + HRTimer)
Double data DMA « DMA

Sample & Hold

Left or Right data alignment

Signed or unsigned data input format
{Q1.15, Q1.11, Q1.7}

gmented



@ Digital to Analog Converter

G4 DAC Sample and Hold

DAC conversion during the “sample and hold“ mode has three phases:

1. Sampling phase: the “sample and hold“ element is charged with the desired
voltage.

2. Holding phase: the DAC output is tri-stated (High-Z) to maintain the “sample
and hold“ element’s stored

electrical charge.
3. Refresh phase: due to leakage coming from several sources, a refresh
phase is essential to maintain the output voltage at the desired value (+/-LSB).

Lys
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@ Digital to Analog Converter

Dual Conversion from DMA

We will use the DAC dual channel mode with DMA to generate signals on both
DAC channels at the same time.

DAC conversions are made with a timer trigger and data fed from DMA.

The timer is configured to trigger the DAC channels at about 1kHz.
DMA is feeding both channels at the time.

Channel 1 pattern is ~0V/~1.65V/~3.3V/~1.65V

Channel 2 pattern is ~1.65V/~3.3V/~1.65V/~0V

We will use the built in Logic Analyzer today instead of an o’scope on the DACs

Lys
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T STM32CubeMX Properties

Seourty Detals Previous Versions.
General Shorteut Compatibiity
m STM32CubeMX
Tammettype:  Application
Target location: STMIZCubsMX
Targst: [ M32C0be\ STMI2CUbeMX\STMIZCube MK 2xe” |
Statin: |"C,\ngfam Fll\STMmda!mrﬂm'\STMm|
Shortcut key- |Nnne |
Run: [ Mol window =
Comment:  |STM3ZCUbeMXx 530 |
| Openfielocation | | Changeleon. | | Advanced . |
| ok || Coneel

Start up

SafeNet {:t

Software license agreement l

ST Motor ControlSpK... v [l

Sticky Notes m

5TM32CubeMonitor-Power... F':'}L_

STM32CubeMX

Advanced Properties

[T | choose the advanced

[F1Run as admiristrator

sdministrator, while protecting
e

‘activity.

- | Riiny Iy sparats memary space

STM32CubeMx

Seitings

ST IPS4260L GUI

ST Motor Control SDK... ~

STMBCubeMX
STM32CubeMuenitor-RF

ieProgrammer

Skype for Business 2016

ST Motor Contrel SDK...

5T Toolset

STM32CubeMonitor-Power

ST32EubeMonitor-UCPD

STM32TrustedPackageCrea...



STM32CubeMx

Splash Page — G4 Library Installed?

[ STM32CubeMX Untitled

i @

Diihahfy File Window Help

m Embedded Software Packages Manager

STM32Cube MCU Packages and embedded software packs releases

Releases Information was last refreshed less than ons hour ago.

Manage software installations
e MCU Fackiages

Dezcription

Insta fion
|

Check for STM32CubeiMX and embedded sofiware packa.
| STM32F7 )
CHECKIFOR URDATES
| > STM32G0
Install or remove embedded software packa
|¥  STM32G4 I I I R
nstall/Remove
: STM32Cuba MCU Package for STM32G4 Series 140 11.0
: STM32Cubs MCU Packaga for STM32G4 Series 1.01 104

Detalls

New multicore STM32MP1 Series
for Industrial and loT applications
AN
f \
(£

OpenSTLinux "l
|

From Lacal Fram Ut Rafrash Install Mow Remave hlow

Kys |
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STM32CubeMx

. . . -
File—Load Project e
[ Load Project x
Existing Projects New Project Manage somwi 00K |} DAC DualCanversionFromDMA v | B @ 3 B8
Recent Opened Projects EWARM
I need to : ek oo Inc
ADC_GainCompensation.ioc MDK —ARM
Last modified date : 15/07/2019 6:12:26
Install or rem Src

ADC_OffsetCompensation ioc
Last modified date . 22/08/2019 11:27:41

[@ bAC DualConversionFromDMA ioc

Single_ CCM_Boost PFC_G4.ioc
Last modified date ' 08/08/2019 8:56.30

New mr
for Ind

Lennox_IHMO03 ioc
Last modified date - 27/08/2019 15:52:49

HG31.ioc
Last modified date - 27/08/2019 14.16:08

File Nams DAC DualCornversionFramDMA joc |

Files of Types |STM32CL|DEM?~' project Files (Joc) -_,|

Other Projects

7 HHEBHAB

D /4

‘W C:\..\STM32Cube\Repository\STM32Cube_FW_G4 V1.1.0\Projects\
wanmees B-G474E-DPOW1\Examples\DAC\DAC_DualConversionFromDMA




STM32CubeMX s

Graphic Design Representation

[ STM32CubeMX DAC_DuaiConversionFromDMA joc: STM32G4TARET. - a x
ol
st @ File indow Hel fio x Ky
Cilbehix W i L 4 7

GENERATE CODE

Clock Configuration

Project Manager
Additional Safwvare ~ Pinoul

@ £3 Pinout view

Systemvisw

va

System Core >
Analog b

1/1
\lAnanq >

SY5_ITDO-SWO
SY5_ITCK-SWCLIC
SY5_ITHS-SADIO

ADCY
ADCZ

STM32G4T4RETx
LOFP64

Timers >
Connectivity > 5

WMultimedia > é‘ %

Security > g g

Computing >

Middleware 5

Utilties > @ [ Q Ik} &l e}
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STM32CubeMx

DAC1, Timer 2

[ STM32CubeMX DAC DualConvessionFromDMAioc: STM32G4T4RETx kS

Loy x G;

STM3Z File indow Hel !
Cubelx W 2 ‘
Home DAC_DualConversionFromDMA.ioe - Pinout & Configuration GENERATE CODE

Clock Configuration Project Manager
Additional Saftware v Pinoul

DAC1 Mode and Configuratian ] £7 Pinout view ystam view

f
p
Systam Core 5 OUT1 mode [Connected to extemal pin orly = )
0UT2 mode [Connected to extemal pin only ~] % g %
Analog v 0 Extemal Triggsr E 79
i Configuration d gy
| ADCZ
ADC3
ADCt
ADCS
CoMP o EEEEEE—
anfigure the below parameters
comMpP2 o B
comP3 Q[Search (Gti7) | © o) o
COMP4 T
comis * DAC Out1 Settings

COMPS Output Buffer Enable
COMPT DAC High Frequency. Mode Automatic
D A C 1 DACY DA Double Data Disable
DACZ Signed Format Disable " "
DAC3 Trigger Tirmer 2 Trigger Out event TI m e r 2 Trl e r O u t
DAC4 Trigger2 None: q q
= —

OPAMP1

Wave generation mods Disabled
A gﬁng User Trimming Factory timming
S Sample And Hold Sampleandhold Disable STM32GATARETX
OPANES ~ DAC Out? Settings i
OFAMPS Output Buffer Enable
DAC High Frequency Mode Automatic
DMA Double Data Disable =
Timers y Signed Format Disable " "
Trigger Timer 2 Trigger Out evert I I m e r : 2 I rl e r O ut
Connectivity > Tngger2 Hone
Wave generation mods Disabled
Multirmegia > User Trimming Factory timming E E
Sample And Held Sampleandhold Disable B
5 b=
Security > zz
Computing >
Middleware >
o) r e -]
Utilities > = L o Q |
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STM32CubeMx

Project Manager — Keil MDK-ARM V5

[ STM32CubeMK DAC_DualCorversionFromDMA.joc: STM3ZGAT4RET - ] b4

“ oY x Ly

Pinout & Configuration Clock Configuration Project Manager

Froject Settings 7\
Praject Name / \
< |

|D.RC_DuaICo nversionFramONA

Sw;gﬁ? File Window Help

Praject Location
Ihleffafy blausenSTM32Cube\RepositonASTMI2C0ube FW G4 V1.1.0Pm

[ 474E-DPOWY 'LE)(arane;\DAC‘

Application Structure

iBasuc w | [Tl Ba not generate the main()

Toolchain Falder Lacation
iﬂsnury‘.STM 32Cube FW G4 V1. 1.0Projects\B-G4T4E-D POWMampIes\D#C\DAC_Dua{CunversionFrDmD MA\‘
1

Cade Gensraol

Toolehain / IBE

MBKARM V5 v MDK-ARM V5
Linker Settings \‘I

Minimum Heap Size o200 |
Minimum Stack Size 400

Mecu and Firmware Packages
Mcu Reference
[STM32G4T4RETx

Lys
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CubeProgrammer

FILE->SAVE PROJECT

New Project N =

Load Project ...

CirL

Save Project Coks
Project Semﬂl Save Project As .. s
Project I\IarwI Close Project
h:}ﬁ_% Generate Report  otiR |

I = |
Project Loca Recent Projects 4
!ieffefy blaus Exit cikx TM320Uba_FW. G4 V1.1 D\Pr_ﬂjsms\ﬂ-G-l.ME-DPOW‘l\.Example;\DAC|

Application Structure
iBasn'.: bd | [l Co net generate the main()

Toolchain Falder Lacation
iﬂsimry WSTM32Cube FW G4 V1.1.0\Projects\B-GATAE-DPOW\Examples\DAC\DAC_DuslConversionFromDMAN

Cade Genarator

Toolchain £ |BE

MO -ARM V5 s | |:| onasate Unter Boot
Linker Settings

Mimimium Heap Size lox200 |

Minimum Stack Size 400

Advanced Seltings

Meu and Firmware Package

Meu Refarence
[STMI2G474RET>
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CubeProgrammer

Generate Code
[T sTM32CubeMX DAC_DualCorversionFromDMA.ioc: STM3ZGATARETx

- . . = !
S](‘:I':Jllgém? File Window Help (s n = ’ ‘k "’

Pinout & Configuration Clock Configuration Project Manager

Project Settings
Praject Name
|DACiDuaIConversm nFramDOMA

Praject Location
Ihleffafy blausenSTM32Cuba\Repositon\STM32C1Ube FW G4 _V1.1.0\Pmjects\B-G4T4E-DPOWA \.Examples\DAC|

Ication Structurs

| [Cl Do net generate the main()

Toolehain Falder Lacation
IpSiI o\ STM32Cube FW G4 V1. 1.0\Projects\B-GATAE-DPOW\Examples\DAC\DAC_CualCorversionFromDMAY

Code Generator
[0 code Generation ™

0 The:Code s successfully generated under C:/Users/jeffery blauser/STM32Cube/Repository/STM32Cube: FW_G4_\V1.1.0/Projects/B-G4TAE-DPOW T Examples/DAC/DAC_DualConversionFromDMA

Cipen Foliler Glose

Meu and Firmware Package A
Meu Refarence Z X

|STMZ2G4T4RETx
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Keill MDK-AR

ol e

Keil Start up page

B <ffery blaysen ST tepositan\STME G4 V1L PrajectsiB-G Eramples\D onFromDMANTIK-ARM\DAC.2
File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
MBEdP 4 QB9 0]|==|rRAR| = 2| B waitroriac & @@ A
D) e e S| # | pACousicomvenionFro ] SN | B B 4 @1
o L [ TR
= ¥ Project: DAC_DualConversionFramDMA 128 if (HAL DACEx DualStart DMA(shdacl, DAC CHANNEL 1, wave, =izeof {wave}
=4 DAC DualConversionFramDMA 129 { ’ ’
a1 lﬁ Application/MDK-ARM 130 /* DAC conversion -start srror */f
= 131 Error Handl 7
[ Applicatian/User 122 g =50
& 1@ Boc 133 |
1] readmetad 134 SSP LED On(LED4):
il [ Drivers/BSP/B-G474E-DPOW! igg i Wnile. (1)
S : : (
BE DRt/ STMSO e HAL Dinver 137 /* USER €CLE END WHILE */
@ [ DriversfCMSIS 138
& oumsis 138 /* USER CODE BEGIE 3 */
140 | 1
141 /* USER COGE END 3 +/
142 |}
143 b
A4 e
145 * '@brisf System Clock Configuraticn
146 ¢ ‘gretval None
147 s
148 void SystemClock Config (void)
140/
150 HCC OscInitTypeDsf BCC OscInitStruct
151 HCC CliInitTypeDsf BCC CliInitStruct
152
_153F /** Configurs ‘the main internal regulator output voltage
154 wf
155 HAL PWREx ControlVoltageScaling (PWR_REGULATOR VOLTAGE SCALEL):
156/F /** Initializes the CPU, AHB and AP bussss clocks
a5 [ v
158 RCC OscInitStruct.OscillatorTyps = RCC OSCILLATORTYFE HSI:
159 RCC_OscTnitStruct.HSIState = RCC HST ON;
160 BCC CscInitStruct.HSICalibrationValus = RCC HSICALTBRATION DEFAULT:
181 BCC_OscInitStruct.PLL.PLLState = ECC_PLL ON;
12 RCC OscInitStruct.PLL.PLLSource = RCC PLLSOURCE HSI;
163 RECC_OscInitStruct.PLL.BLIM = RCC PLIM DIV4;
168 BCC_OscInitStruct.PLL.PLLN = 75;
185 BCC_OscInitStruct.PLL.PLLP = RCC PLLP DIVZ;
166 RCC OacInitStruct,.PLL.PLLQ = RCC PLLQ DIVZ;
167 BCC CscInitStruct.PLL.PLLE = RCC PLIA DIVZ;
188 if (HAL RCC OscConfig (&RCC OscInitStruct) != HAL OK)
1699 |
170 Error Handler();
171 )
life.augmented 172 /** Initislizes the €PU, HHB and APB bussss clocka
Elproject |@Fsocks | {3} Funstions | Oy Tempistes | <
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Check the Device Pack

C:.l.lsaz-ﬁffflu BlavisenSTMILCube' Eepostan\STMEZCube FW G V1 IWProjectn B-GIE
File Edit WView Project Flash Debug Penpherals Tools  SVES  Window  Help
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G4 Device Pack

Keill MDK-AR

ol e

Exit

<
Action ;?. left): Update Pack descriptions,

0., CO/ Cmsis_pack/Tepo/NEP LPCS4102_DFR.pdse

8 Pack Installer - m:\Keil_vSVARMIPACK — [m] b4
File Packs Window Help
| Device: STMicroelectronics - STM325474
bl | Bl | b
- X Pack | Action E)gscﬂpﬁonﬂ [
Summary = Device Specific [1Pack |sTME2 -
% @ Silicon Labs 906 Devices =l | = © Untodse | Kell -STM32G4XX DFP
@ ¥ Sinowealth 1 Device - Generic 40 Packs " —
E® SONK 50 Devices ® AlibabaAliOSThings |« (nstall A0S Thing  [Frere paer
g @ mﬂnelm[ﬂ,‘;ﬁ 1284 Devices 0 ARMEAMP __@ I_n_rtzll Software comNgnents far inter processor communication (Asymmetric MHMJ”
51 %2 STBIueNRG Series + Dewice # - ARMICMSIS Up ta date | CMSIS (Cortex Microcontroller Software Interface Standard)
& “W"i STBlueNRG-1 Series T Device i+ ARM:CMSIS-Driver Up to det= || CMSIS Drivers for external devices
51 %2 STBIlueNRG-2 Series + Dewice # - ARM:CMSIS-Driver Va... | € Up to date || EMSIS-Driver Validation
i %% STMB2FD Series 117 Devices i ARM:CMSIS-FreeRTOS Up to dat= || Bundie of FreeRTOS for Cartex-M and Cortex-A
5398 STMIIF1 Seres 95 Devices ) -ARM:CMSIS-RTOS Val... | €8 Up to date || CMSIS-RTOS Validation
%% STMAZF2 Series 45 Devices & ARMembedClient | @ Instsl ARM mbed Client for Corter-M devices
& T ‘STM32F3 Series 30 Devices T ARM:mbedTLS @ _Install ARM mbed Cryptographic and SSL/TLS library for Cartex-M devices
1% STM32FA Series 205 Devices & ARMzminar & Instal mbed 05 Scheduler for Cortex-M devices
5198 STM3IF? Seres 115 Devices ) -ARMETFM 73'.3" > _Install Trusted Firmware-M (TF-M] is the reference implementation of Arm's Platfor
34 Devices 1* EmbeddedOffice::Flex... &2: Install Flexible Safety RTOS
118 Deevices ) Keil:ARM_Compiler g Upto dete || Keil ARM Compiler extensions for ARM Campiler 5 and ARM Compiler
m »tg STMI2G437 74 Devices # Keil:iMXFT 105 MWP :52 Inetall= MNXP .V BT 105x MDK-Middleware examples and CMSIS-Drivers
& A% STM3ZGA] 8 Devices P &) Keil:Jansson _@‘ Install Jansson is a C library for encading, decoding and manipulating JSON date
i #% STMI2GAT 17 Devices /I [ﬂ Keil:MDK-Middleware | Upto dete | Middleware for Keil MDK-Prefessional and MDK-Plus
& 4% STM3ZGATS 25 Devices & AwlPlwlP _@_‘ Install IwlP is a light-weight implementation of the TCP/IP protocol suite
4 STMIzGTA ST M 32 G 474 _ M MDK-Packs:8WS laT ... &‘2’ Install= SDK for connecting to AWS IoT from a device using embedded C
& 4% STM3z6A83 9 Divices [ & MDK-Packs:Azure_|oT _@_‘ Install= Microsoft Azure IoT SDKs and Libraries
) fE sTM3zG4ed O Defeee \ [ — M MDK-Packs:cJSON &‘2’ Install Ultrslightweight JSON parser in ANSI C
& 45 STM3ZGBK1 Y Disiices N & MDK-Packs:Google lo... _@_‘ Install= Gaogle Cloud loT Device Connector
H 9 STM32HT Series 22 Devices # MDK-Packs:laT_Socket &‘2’ Install Simple [P Socket (BSD like)
= STMEZL(!S;EWE. 152 Devices & MDK-Packslsmn _@_‘ Install Minimalistic ISON parser/ izerin € _|
& "ES’ STM32L1 Series 81 Devices _vl il ) MNK-PacksBahn MM |05 incall= Frhedded MOTT /7«4 Chenf lThrrh--c _bl—
iCannot download file hittpuYmclxprasso.nip.com/emsis_pack/rap o/NXP. LPGﬂmSMTDFdesc Ilegal MIME type ‘text/fitml' ~
icannot download file bittpu/melxpresso fxp.com/emsis_pack/rep o/NEP.LPCS4018_DFP.pdsc lllegal MIME type ‘textzhiml
\Carnot download file httpuimelixpresse,mip.comfemsis_pack/iep o/AXP.LPCI4101_DFP.pdse: lllagal MIME type texthtm!
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Keill MDK-AR

Clock speed and Debug

Optinns for Target 'ADC_GainCompensation' *
e Taoet |t | e | Usr | /0| A | Lk | Bt it
STMicrelectrunics STM32G474RET rGate sy Ner :
_:qaqi_'MHﬂ— I‘LﬁﬂT |Used&fa.ﬂt[:m'q;:ﬂer version § _‘*]
Operating system: [ Nane 3 ochie Optimzation
Sysiem Viewer File: ¥ Use MicrolIB T i Ermlan
[T 74 v | | Fosting Poirt Harware: | Singl Precison |
™ Use Custom File:
default  off-chip Start Size Startup | | default  off-chip Start Sizer Nalnit
r AoMm: | | e RAME | | r
I RoMZ: | | r r Ramz | | r
I Roms3: | | r ™ RAM3 | | r
¥  IRom1: [BOOOD0  |(x80000 * M IRaM1: [D20000000  |0:20000 r
oMz | | T  IRaMz | | r
m oK Cancel |  Defaubs | Hep |

life.augmented



Lys

life.augmented

Keill MDK-AR

ST-Link Debugger - Settings

Options for Target 'ADC_GainCompensation'
pti g ainlompenss

Device | Target | Output | Lising | User | €/C+| Asm | Linker Debug | Unities |

7 Use Smulstor  with mstnctions Seftings: I
[ Limit Speedto Hlﬁl-'['ﬁrne

LRSS (ST ik Clebugger

¥ Load Application at Statup ¥ Runtamaing
Initiglization File:

| BN

V. Breakpuoints ¥ Toalbox

¥ Watch Windows & Performance Analyzer
W Memory Display [ System Vieweer

v Lﬂaﬂpppmaé' é M RAun

inkiaization Hle:

[ Restore Debug Session Settings
¥ Breakpoints ¥ Toalbox
[¥ Watch Windaws

¥ Memory Display ¥ System Viewer

oPUDLL Parameter:

|5AF€MCM3.DLL |-HEM-AF‘ -MPU
Dialog DLL: Parameter:

|5ARMCM1DLL |.—MFU -
Dialog DLL: Parameter:

|D_€_1'IH_ULL [pCM4
[T \Wam & mutdated Executable is loaded

Manage Companent Viewer Desorption Fles . |

|T{ZM.DLL [pCM4
[ Wam i owtdated Executabls is loaded

ok | Cancel | Dcfais | Hep |

ol e




Keill MDK-AR

ST-Link/V3 & TRACE

Cortex-M Target Driver Spup *

=

S ice
IDCODE | Device Name | Mowe
[~ Shareable ST-Link SWDIO|  [(x2BAD1477  ARM CoreSight SW-DP (ARM Core Up |

Serial Number: M

I 16313750 & Automatic Detection 1D CODE: I

Version: HW: |V3 FW: |V3-|3M2 € Manual Configuration Tz Meme |
[¥ Check version on start Add | Delete | Lpdate | IF: ler: | ap: [0
— Target Com

F‘ort:ISW 'I

Clock
’7F{eq:| 10 MHz Selec:ted:l 8 MHz
Performance Profile: IHigh Perf vI

— Debug
—Connect & Reset Options Cache Options Download Options
Connect: |under Reset v | Reset:|Atodetect ~ v| | | ¥ Cache Code [™ Verfy Code Download
¥ Resst after Connect [~ Stop after Reset ¥ Cache Memary [ Download to Aash

Ly [ o6 ]| cmea | _oow

life.augmented
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1.150

Kell

MDK-AR

=

Core Clock & TRACE Enable (Before)

Cortex-M Target Driver Setup

Debug Trace |Fiash Download | Pack |

> Core Clock: | 150.000000 MHz

— Trace Port
| Serial Wire Output - UART/NRZ ~ |

SWO Clock Prescaler:l 13
¥ Autodetect

SWO Clock: I 11.538461 MHz

¥ Trace Enable (2

. TRACE Enable

= Tface Cveris

— Timestamps
¥ Enable

PrscaerlT <]

[ CPI: Cycles per Instruction

— PC Sampling

[~ EXC: Exception overhead

Prescaler: |1D24‘16 'I

[” Periodic

Period: I <Disabled:>

[ on Data R/W Sample

[~ SLEEP: Sleep Cycles

™ L5U: Load Store Unit Cycles
™ FOLD: Folded Instructions
¥ EXCTRC: Exception Tracing

—ITM Stimulus Ports

E]| Port 24 23

Port 16 15

Part g 7 Port [i]

Port 23.16 [~

Enable: |(«FFFFFFFF 7 v o o ol 7 7 e el v v g o v ) o) el v e o o o v v

Privilege: I[hDDDDDDﬂB Port 31.24 |v

Pott 15.8 [ Pot 7.0 [~

— Advanced settings

[ Owerwrite CYCCNT

[ lgnore packets with no SYNC

3. Uncheck EXCTRC

I
4. Uncheck all but 15

5. OK

Apply

)|T| Cance




Keill MDK-AR

Core Clock & TRACE Enable (After)

Cortex-M Target Driver Setup >

=

Debug Trace | Flash Download | Pack |

1_150 > Cnmﬂod{:lm MHz [v Trace Enable 2 TR_ACE Enable

— Trace Port — Timestamps ~ 1Tace Cvers.
[Senial Wire Outpt - UART/NRZ <] | | ¥ Enable  Prescale[1 | | | I~ CPI: Cycles per Instnuction
SWO Clock Prescaler:| 12 _PC Sampling W= T S
¥ Adodetect [~ SLEEP: Sleep Cycles
- . o=
Prescaler: [ 1024°16 x| [ LSU: Load Siore Uni Cydes

SWO Clock: | 1153846 Mkz ¥ Periodic Period:| 109227us | | [~ FOLD: Folded Instructions

[~ on Data R/W Sample ™ EXCTRC: Exception Tracing 3 U nCheCk EXCT RC

—ITM Stimulus Ports | |
K1l Port 24 23 Port 16 15 Port g8 7 Port 0

Enable: |0x00008000 I = O O O
Privilege: [(::00000004 Pot31.24 ¥  Port23.16 [ Port 15.8 ¥ Por 7.0 ™ 4. UnCheCk a” bUt 15

— Advanced settings
[ lgnore packets with no SYNC
[ Overwnite CYCCNT

<7 N
,’ 5. 0K ) [ ok | Cancel Apply
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Keill MDK-AR

Build

lszisiz=Heny Blaisen\STMIZCube Eeposton\STIMBZC uke FW_G4 V1. T.WProjectnB-GS 5
Edit Wiew Praject Flash Debug Penpherals TJools  SVCS Window  Help
= JE s

@

e

| =i M T TR R R v

life.augmented

Build Cutput

Frogram Size: Code=6572 RO-data=576& EW-data=92 ZI-data=1204

FromELF: creating hex file...
DAC DualCDnversionFrDmDHh\DAC_DualCanversiDnFrDmDHFL.hex: Warning: Q9931W: Your license for feature Eeil will expire in 30 days

FinIshed: 0 information, 1 warning and 0 error messages.
"DRC DualCDnversiDnFrDmDHA'\DAC_DualCDnversianFrDmDHA.axf" - 0 Error(s), 0 Warning(s).

Buila Time Elapsed: 00:01:38



Keill MDK-AR

M

ol e

Load

Chllszisiz=fany blusen ST 2Cube! BEeposton\STIBZCubke FW G V1. 1.0WProjects B-GRE
File Edit WView Project Flash Debug Penpherals Tools  SVES  Window  Help
_‘lﬁgﬁ|i _lﬂ| ""|'|"|Fff??.'_'i1"7 == JE Js

© [F B . e
"Fri{fei:f ZX ﬁ H ]Jm [

i T T TR TR R -

Build Output

#eion X Contents mismatch at: 08001860H (Flash=38H Required=C5H)

Contents mismatch at: 0800182&l1H (Flash=46H Redgquired=FEH)
Contents mismatch at: 03001262H (Flash=FEH Reguired=38H)
Q Error: Ffa:Sh[;‘ﬂWl‘lh!&dfﬂ“E_l_i - “Cartex-mMa" Contents mismatch at: 080018e¢3H (Flash=F7H Regquired=00H)
Contents mismatch at: 0B001364H (Flash=BSH Regquired=&0H)

Contents mismatch at: 08300182&5H (Flash=FCH Redquired=&CH)
,’ Too many errors to display !

Error: Flash Download failed - ™"Cortex-M4™

life.augmented




&) Keil MDK-ARM
Options
Chllsziszefany blasen5TMIZCube Eeposton\ STMBZC Ul FW_G4 V1.1 WProjectn B-GI 5

File Edit WView Project Flash Debug Penpherals Tools  SVES  Window  Help
NBEAd@ 4 2B 20 |w= PRBAR EEER
@*E:l] Ey &2 :‘i:l Jﬁ| ADEEamCumpematrun|_J$| & 'Q" & @|
Proje AEN ) manc

|—|mﬂ'l.lnrlﬂ-'|"‘-
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Keill MDK-AR

ST-Link Debugger - Settings

Options for Target 'ADC_GainCompensation'
pti g ainlompenss

Device | Target | Output | Lising | User | €/C+| Asm | Linker Debug | Unities |

7 Use Smmulstor  with metctions Seffings I ¥ Use
[ Limit Speedto Hlﬁl-'['ﬁrne
[V Load Appiication at Statup [ Runtamain() ¥ Lo 1. dSetp W Run
| Af s ||]
- Restore Debug Session Seftings - Pestore Debug Session Settings
[V Breakpoiris ¥ Toalbox v Breakpoirts ¥ Toolbex
¥ Watch Windows & Perfomance Analyzer ¥ Watch Windaws

¥ Memory Display [ System Viewer

¥ Memory Display ¥ System Viewer

oPUDLL Parameter:

|5AF€MCM3.DLL |-HEM-AF‘ -MPU
Dialog DLL: Parameter:

|5ARMCM1DLL |.—MFU -
Dialog DLL: Parameter:

|D_€_1'IH_ULL [pCM4
[T \Wam & mutdated Executable is loaded

|T{ZM.DLL [pCM4
[ Wam i owtdated Executabls is loaded

Manage Companent Viewer Desorption Fles . |

Cancel | Defauts |

ol e
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Keill MDK-AR

Flash Download — Add

Cortex-M Target Driver Setup

Debug I Trace Fash Download | Pack I

— Download Function

4/\ & ¥ Program

RAM for Algorithm

LoRp  ©
% Era 1 rz v Verfy &art:l[h:ZMIlIl] Size: |0x1000
" Do *l | Resetand Run
— Programming Algaritt
Description | Device Size | Device Type | Address Range I
STM32G4xx 512 Single Flash B2k COn-chip Flash 08000000H - 0BO7FFFFH
Start:l Size:

Add I Femove |

o]

Cancel

Apply

ol e
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Keill MDK-AR

STM32G4xx 512 Dual Flash

Add Flash Programming Algerithm ot
Description | Flash Size | Device Type | Crigin | .-n.
STM32G4xx 512 Single Flash 512k On-chip Flash Device Family Package

STM3I2Gdo 512 Dual Fash 3 On-chip Flash Device Family Package

AMZ9 128 Flash 16M Ext. Flash 16bit  MDK Core

KaP5615UGA Dual Flash 64M Ext. Flash 32bit  MDK Core

LPC 184 3o MX25VB035F . am Ext. Flash SPI MDK Core

LPC18xx/ 43 S25FLO32Z 5P 4M Ext. Flash SPI MDK Core

LPC 180/ 430 S25FL0GL SP... am Ext. Flagh 5P| MDK Core

LPCAD /8 S25FL0O3Z SPIFI 4M Ext. Flagh 5P| MDK Core

LPCE460x MT250Q1L128 SPIFI 16M Ext. Flash SPI MDK Core

M29WE40FE Fagh am Ext. Flash 16bit MDK Core

MIMXET 105 EcoXiP Fash 4M Ext. Flagh 5P| MDK Core

RC28F640J3x Dual Hash 1EM Ext. Flash 32bit MDK Core

S25FL1285_WaC 1EM Ext. Flazh SPI MDK Core

S529GL064N Dual Fash 1EM Ext. Flash 32bit MDK Core

S29JL032H_BOT Rash 4M Ext. Flash 16bit MDK Core

SN M?H TNP Fash AM Fst Flash 1Rkt MK Cnirs i

Selected Flash Algorthm File:

m: Kl _v S ARMWP ACK Keil

TM3IZG4e_DFPY1.1. 0MCMSIS W Aash S TM32G 4w _512_Dual FLM

Add

Cancel

ol e




Keill MDK-AR

Remove Single Flash

=

Cortex-M Target Driver Setup >

Debug I Trace Fash Download | Pack I

— Download Function RAM for Algorithm
LOAD " Erase Full Chip ¥ Program
_Fi % FErase Sectors [V Verfy &art:lih:ZCH]]]]]] Size: 1000
(" Donot Frase [~ Reset and Run
| — Programming Algarithm
| Device Size | Device Type | Address Range

08000000H -

x 512 Single Flash 030
(:2000000H - 0807FFFFH

; On-chip Flash
512 Dual Flash

On-chip Aash

Start: I&D&]]IHII Size: |(= 00030000

Add Remaove I

life.augmented

<71 N
,’ 3. > ok | Cancsl Apply
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Keill MDK-AR

Place 2 new variables for the Analyzer — main.c about line 56

E f* TUSER CODE BEGIN BV +f
52 J* Brivsects wariablssz ———
R |

54 wuint32 t wave[2] = {0x0T7FFO
T

o8 wuintlé £ Display DACIDCRI;
a7 wuintle €t Displav DACIDORI;
a8

55 J* USER CODE ENMD BV

See ¢:\2019_STM32G4_Workshop\HandsOn_Labs\DAC
‘7 For the file CodeLinesForMain_DAC.txt for cut and paste.



Keill MDK-AR

=

Execute 3 new lines for the Analyzer — main.c about line 143

138 while (1)

138 [ {

140 /* USER CODE END WHILE */

141

142 /* USER CODE BEGIN 3 */

143 Display DACIDOR1 = DACI1->DORL:
144 Display DACIDORZ = DACI1->DORZ;
145 HAL Delay(25):

146 -}

See ¢:\2019_STM32G4_Workshop\HandsOn_Labs\DAC
m For the file CodeLinesForMain_DAC.txt for cut and paste.
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@ Keil MDK-AF

FILE->SAVE—Build

C:.l.lsaz-ﬁffflu BlavisenSTMILCube' Eepostan\STMEZCube FW G V1 IWProjectn B-GIE
File Edit WView Project Flash Debug Penpherals Tools  SVES  Window  Help

ﬁ;ﬁmﬁl -'_ral : “I*--- IF i*‘""l-—_EEJ’f"’*’f’f*

]_'Imim:|
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@ Keil MDK-AF

Load

B Cillsersisffany Blavsen STMIZCube Bepositan\ STMBZCuke FW_G4 V1.1.0\Prajects B-G4T
File Edit WView Project Flash Debug Penpherals Tools  SVES  Window  Help

_ﬁﬂﬁﬁl -_-la| : *-—|1--- |r'ﬁ’ﬁﬂ|zzfﬁ I

ZX

| — Qﬁ# M, # R T TR R -

L] Hﬂnﬂt|

Build Cutput

Build Time Elap=sed: 00:01:38
Load "DAC DualConversionFromDMANWDAC DualConversionFromDMA.axf™
Erase Done.

Programming Done.
,’ Verify OK.

life.augmented Flash Load finmished at 14:51:03




Keill MDK-AR

=

Debugger

File Edit WView Project Flash Debug Peripherals Toaols SYCS  Window Help

rrrrEsr e eI T T vas@ke oo a-@ ]
@ﬂ@@ﬂﬂﬁmmmmmmUNﬁ%¢@@| AN
Prajec ﬁ“ﬂ| ]ﬁum|umn] q

I

vas @-jec
= i
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Keill MDK-AR

Add to Analyzer Dlsplay DAC1DOR1 & 2

=

J W"W | Sat Prugran'. Counter '
[Seup.|[load.. || MinTwe  MacT 43 Runto cursorine cit-rio pto | Sgraliis
Save || 05 [ 05 — [ Show Cycle
= 4095 ; ; @ Insert/Remave Breakpoint Fa : |
é | ! i Enable/DisablE Ereakpolnt Cirl=Fa E i
g | Go To Definition Of 'Display. DACIDORZ' F12 E |
I ;l: ; : Ga To Mext Reference To ' Display. DAC1DOR2* drhh'.um £ |
' = - Go To Previous Referance To ‘Display DACTDORY Chrl+Num - 5
| A S |
g 1. Add D 64 vispry.oacioore te., Mo waten
g', : szt Tacepaint 8 'Bleglay DACTDOR2N. 3 Walih2
|J: u E ' EnableThable Tracepoint Memory 1
0s P nsert/Remove Baakmark ctri-F2 MEmB/y2
i I | lEmony
B e 7 Unds Chilez Mcsnmyt
‘ @D sassembiy |BLng;:Anahrzer >t _— o Memary 4
138 - | R (=
| 137 BSE_LED On (LED4] _ N i
138 wnile (1) B Paste Gtri-v
138 { Selact Al Ctri=A
140 /* USER CODE
141 ] fxecution Profibing ]
142 /* USER CODE
, l o 143 Display Dacip¢  Qutfining 4
| 1ai Display DACI Advaneed J

life.augmented



Keill MDK-AR

Setup — Min=0x0, Max = OxFFF

=

1 Setu |Setup.. |[load | | MinTime  MaxTime Grd | Zoom | Min/Max | Update Ser Setup Logic Analyzer *
. 7 —— - - 2
Save. | | 96467915 [964671s | Tms [ [Oue] A [Auto][Dnd] [Stop | e
= 5'5535 'I I_ I : i I I ! |Current Logic Analyzer Signals:
:ET Setup Logic Analyzer X DAC_TypeDef -) ({(0x40000000UL) + 0x08000000UL) + OxD)
a. DAC_ TypeDef * (b4 0000000UL) + OxD8000000UL) + OxO
; |Currem Logic Analyzer Signals:
i DAC TypeDef * Ox40000000UL) + Ox08000000UL) + OxO
% ({(DAC_TypeDef *) (({0x40000000UL) + 0x08000000UL) + O
= g ’ < >
“9B4E7I0 64
éﬂ'}_l e , = — Signal Display ——— ~ Display Range
Disdssambty |
: I o Siom Disol S g Display Type: I.Analog vl Max: Iﬂ:FFF
Y| [ Devley 1 [ Display Range .
| _mainc | . * : I
55+ | Display Type: I.P«nalog vl Max: IB‘FFF E Color : Win: 00

8 /* | Color E@ Min: o ™ Hexadecimal Display /E
61 O, — % = ﬁ
= [ Hexadecma Display Display Formula (Signal & Mask) == Shift

€3 /*| - Display Fomula (Signal & Mask) >> Shit —— And Mask:  [QeFFFFFFFF Shit Right: [0 | 4.

(7 _ I —

= And Mask:  [G<FFFFFFFF Shift Right: [0 | 2 ) 5 Sy T—

€8 VO  Export / Import Export Signal Definitions ... | Import Signal Definitions. .. |
&7 3T n -
e 31% Export Signal Definitions... | Import Signal Definitions... | N [~ Delete actual Signals
r gg st [~ Delete actual Signals
%} ST
S 5 Close Help
,’ :Jz‘ ! Al | Cose | Help 2. CIOSG |

life.augmented
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@ Keil MDK-AF

RUN

E Crills=rsi=fany Blaussn S5 T2 2Cu
File Edit View Project Flash

rrrreri’
e

u




Keill MDK-AR

Logic Analyzer Output

=

[Sewp J[load. [.] MnTme MaxTime Gid | Zoom | Min/Max | Update Soreen Transtion | dumpts |1 Signalinfo
[Save..| | 0s  [633064s | 01s !|1n||DLa‘||M|||hin||Lhda|||ﬂnﬁ||{IE|ai&||]va||Néi:['||Cn'de||Tmua|l-Elmw'Cj{dm‘

|
|
|
| TR R

: : | | : : :|@| L

777 [N S 1 (S (A R R

\ i i { { i ||
|
|

e T 51102645 622648

Lys
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STM32G4 mixed-signal
MCU workshop

Hands On:
Programmable Gain Amplifier

‘ ’ ’ life.augmented

STM32 G4




Tools

Systems Check

USB cable

B-G474E-DPOW1 Discovery Board
STM32G4 Family Cube Library
STM32CubeMx

Keil MDK-ARM




@ Programmable Gain Amplifiers

G4 PGA
6 PGA's available Internally connected to:
* Non inverting gain 2/4/8/16/32/64 « ADC inputs
 Inverting gain -1/-3/-7/-15/-31/-63 « External pins, both inputs and
» Rail-to-Rail input and output outputs
* Low input bias current  Internal resistors
« Low input offset voltage  DAC3 & DAC4 outputs

« 15MHz GBW product
» High speed mode for better slew rate

gmented



Programmable Gain Amplifiers

G4 Op Amp Stand Alone Mode

Figure 168. Standalone mode: external gain setting mode

| inmo | ~
]

| INM1§7
r/

VINPO g——

VINPA ——— B s

VINP2 X———— opamp_out"
VINP3 or DACx_CHy | [l>—.




Programmable Gain Amplifiers

G4 Op Amp Follower Mode

Figure 169. Follower configuration

|
VINMO| ™
VlNMl%:
i

VINPO ———

VINP1 ——————— g

VINP2 ————— opamp_out"
VINP3 or DACx CHy ®—— I '7—>

| N




Programmable Gain Amplifiers

G4 Op Amp PGA Mode

Figure 170. PGA mode, internal gain setting (x2/x4/x8/x16/x32/x64),
inverting input not used

1STM32

VINPO |

VINPY —| p

VINP2 ¢— 1 opamp_out'"”
VINP3 or DACx_CHy B— [I»—b

VINMO l ™
vwmg:
r/

| X




@ PGA Hands On

Lab steps 1 of 2

- The DMA provides samples (sinewave) to the DAC.
- The DAC peripheral generates a sine wave signal on DAC1_QOUT1(PA4)
which is amplified by the OPAMP3.
- The OPAMP3 amplified output is on PB1 with gain of either 2 or 4.
The OPAMP gain is changed on the fly while the OPAMP remains enabled.
- The test steps are:
- Step 1:
DAC: normal power mode
OPAMP: normal power mode with gain = 2
DMA: circular mode - DMA half transfer IT handled by CPU

gmented



@ PGA Hands On

Lab steps 2 of 2

- Step 2:
DAC: normal power mode
OPAMP: normal power mode
- gain is changed from 2 to 4 or from 4 to 2
DMA: circular mode - DMA half transfer IT handled by CPU

We will use the built in Logic Analyzer today instead of an o’scope on the DACs
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T STM32CubeMX Properties

Seourty Detals Previous Versions.
General Shorteut Compatibiity
m STM32CubeMX
Tammettype:  Application
Target location: STMIZCubsMX
Targst: [ M32C0be\ STMI2CUbeMX\STMIZCube MK 2xe” |
Statin: |"C,\ngfam Fll\STMmda!mrﬂm'\STMm|
Shortcut key- |Nnne |
Run: [ Mol window =
Comment:  |STM3ZCUbeMXx 530 |
| Openfielocation | | Changeleon. | | Advanced . |
| ok || Coneel

Start up

SafeNet {:t

Software license agreement l

ST Motor ControlSpK... v [l

Sticky Notes m

5TM32CubeMonitor-Pywer... F':'}L_

STM32CubeMX

STM32CubeMx

Seitings

ST IPS4260L GUI

ST Motor Control SDK... ~

STMBCubeMX
STM32CubeMuenitor-RF

seProgramimer

Advanced Properties

[T | choose the advanced

[F1Run as admiristrator

sdministrator, while protecting
e

‘activity.

- | Riiny Iy sparats memary space

Skype for Business 2016

ST Motor Contrel SDK...

5T Toolset

STM32CubeMonitor-Power

ST32EubeMonitor-UCPD

STM32TrustedPackageCrea...



STM32CubeMx

Splash Page — G4 Library Installed?

[ STM32CubeMX Untitled

i @

Diihahfy File Window Help

m Embedded Software Packages Manager

STM32Cube MCU Packages and embedded software packs releases

Releases Information was last refreshed less than ons hour ago.

Manage software installations
e MCU Fackiages

Dezcription

Insta fion
|

Check for STM32CubeiMX and embedded sofiware packa.
| STM32F7 )
CHECKIFOR URDATES
| > STM32G0
Install or remove embedded software packa
|¥  STM32G4 I I I R
nstall/Remove
: STM32Cuba MCU Package for STM32G4 Series 140 11.0
: STM32Cubs MCU Packaga for STM32G4 Series 1.01 104

Detalls

New multicore STM32MP1 Series
for Industrial and loT applications
AN
f \
(£

OpenSTLinux "l
|

From Lacal Fram Ut Rafrash Install Mow Remave hlow

Kys |

life.augmented
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STM32CubeMx

[T sTM32CubeMX Untitled - ] 4 ‘

1. File—Load Project ‘ I Losd Project | x

File

ST
CubehX

Look In ||| OPAMP_PGA v| B o B
Existing Projects New Project Manage sg
EWARM
Recent Opened Projects Check i |n|::
ADC. GainCompensation ioc MDK-ARM
Last modified date - 15/07/2019 6:12:26 Src

ADC OffsetCompensation ioc
Last modified date - 22/08/2019 11:27:41

Install or m BPNM!’F’_F’E{&%H:

Single_CCM_Boost_ PFC_G4 ioc
Last modified dafe * 08/D8/2019 8:56.30
Net

Lennex_IHMO03.iec -
for In

Last modified date - 27/08/2019 15:52.49

Fila Nams [OPAMP PGA.inc |
HG31.ioc =
Last modified date - 27/08/2018 14-16:08

Fles of Types |STI'v‘ISECuheM?~' project Files (1oc) v|

¥ B HEBH

Other Projects

L rori

‘W C:\..\STM32Cube\Repository\STM32Cube_FW_G4 V1.1.0\Projects\
wammeres NUJCLEO-G474RE\Examples\OPAMP\OPAMP_PGA



STM32CubeMXx szm

Graphic Design Representation — Click on Analog>

[ STM32CubeMX DAC_DuaiConversionFromDMA joc: STM32G4TARET. - a x
ol
st @ File indow Hel fio x Ky
Cilbehix W i L 4 7

GENERATE CODE

DAC_DualConversionFromDMA.ioc - Pinout & Configuration

Project Manager

Pinout & Coenfiguration Clock Configuration

Additional Safwvare ~ Pinoul

@

va

System Core

>
Analog v

ADCY
\ ADCZ

J/'
\lAnanq >

;
E
a
@

SY5_ITCK-SWCLIC
SY5_ITHS-SADIO

STM32G474RETx
LOFPE4
OPAMPE

Timers >
Connectivity > -1
Multimedia > e g

U‘ D‘

- T
Security > 33
Computing >
Middlewara b

o A L

Uilties > & HEh s} al Ql

life.augmented



STM32CubeMXx szm

DAC1, Timer 2, Op Amp 3

[ STM32CubeMX OPAMP_PGA joc: STM32G474RETx - 8 X
-
smz @ i _).< L
e File Window Help H - ’ Y/

OPAMP_PGA.ioc ENERATE CODE

out & Configur:

Pinout & Configuration Clock Configuration Project Manager

Addifianal Saftware v Pinoul
DAC1 Made and Configuration N £ Pinoutview = Systam view
System Gore 5 OUT1 mode [Connected to extemal pin-and to-an chip-penpharals v]
) ©UT2 ode [Disable v 2 g §
Hnalog - [ External Trigger E 24
ADCT E 5 ;
\ ADC2
ADC3
ADCA
ADCS
@ COMP1
COMP2 Configuration
ggmgj 1 Corfigutation
COMPS Parafmeter Setting
COMPS
D C COMPT [Configure the beiow. |
DAC] T s 5
a o o) )
A 1 DA A[Searun (G| L]
DAG3 + DAC Out? Settings
DACA Output Buffer Enable
OPAMPY DAC High Frequency Mode Automatic
O pAm p3 CPAIP2 DA Doutie Data Disae
WF Signed Farmat Disable ] ] STM32GAT4RETX
OPAMPA Trigger Timer 2 Triggar Out event I I m e r : 2 I rl e r Vo ey
" giimgz Trigger2 Nane
Wave ganeration mode Disabled -
User Trimming Factory trimming
- Sample And Hold Sampleandhold Disable
imers 4
Connectivity > =
£ &
Multimedia > g =
k! -
Secuity > 2 H
&
Computing >
, Middleware >
Q O R oo C —

Utilities > oo




STM32CubeMx

Lys

life.augmented

Project Manager — Keil MDK-ARM V5

[ sTM32CubeMX OPAMP_PGA.ioc: STM32G474RETx

s @ File

Pinout & Configuration

Clock Configuration

Window Help

GENERATE CODE

Project Manager

Project Settings

Praject Name

{oPavP FTA

Praject Location

fery blauseNSTM32CubeiReposion\STM32Cube FW_G4 V1.1.0\Projects\B-G474E-DPOW T1'\Examples\DPAM P|

Application Structurs

|E|am.r

| [l Co not generate the main()

Toslchain Faldar Location

032Cube\Repositorny\STM32Cube_FW_G4_V1.1.0\rojects\B-G4 JJf-DPOW 1 Examples\OPAMPIOPAME_PGAI|

Cuode Ceneratol
Toolchain /|3E

MoK ARM V5

|
’<MDK-ARM V5

Linker Settings
Minimum Heap Size

Minimum Stack Size

lox200

400

Meu and Firmware Package
Mcu Refarence

[5TM32GATARETx

SRS R




STM32CubeMx

FILE->SAVE PROJECT

[0 STM22CubeMX OPAMP_PGAioc: STMI2G474RETx m] x

| Load Project ...tk

Save Project
F'ru;.ect SemH| Save Proj Save the cument P,
Project am Close Projec
OPAMP PG Generate Report CiriR |

| R 1
Project Loca Recent Projects >
fety blauseriS Exit cr 32Cube FW_G4 V1 1.0Projects\B-G474E-DPOW\Examples\OPAMP|

Application Structurs

‘52"3\? | [Tl Da not generate the main()

Tuoelchain Folder Lacation
h3ECube'\Repnslmry\STM 32Cuba_FW_(G4 V1.1.0\Projects'\B-GAT4E-DPDW1 \Examples\OPAMPIOPAME_PGA)

Code Geheratol
Toolchan / IDE
MOK-ARM V5 v | [ElGenerate Under Roa

« Linker Settings
Minimum Heap Size [0x200 |
Minimum Stack Size 400

Meu and Firmwara Package
Mcu Reference
[BTMI2G4T4RETx

Lys
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STM32CubeMx

Generate Code—Open Project

[ STM32CubeMX OPAMP_PGAioc STM32GATARETx

™
st @ i
CubeX Fike

=

3

Home ST S4TARETx OPAMP_PGA.ioc - Project Manager

Pinout & Configuration Clock Configuration Project Manager

Project Settings

Window Help sy

=

m| X

Loy x 4/

GENERATE CODE

Project Name

[oPaMP_PGA

m Code Generation

Drosact Location

0 The:Code s successfully generated under C:/Users/|effery blauser/STM3IZCubeRepository/STM3Z2Cube: FW_G4 V1 1.0/Projects/B-G4TAE-DPOW T Examples/OPAMP/OPAMP_PGA

Open Foldar @ Sipen Projact
/\\

Lys
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s

‘ |IIV|DK-ARM Vb

 Lintker Settings

Minimum Heap Size [ax200 |

- Mimimum Stack Size 400
Advanced Seltings _—

Meu and Firmware Packags

Mcu Reference

ETM32G4TARETx
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File Edit View Project Flash Debug Peripherals

Keill MDK-AR

Keil Start up page

C\Users\jeffery blauser\STM32Cube\Repository\STM32Cube_ FW_G4_V1.1.0\Projects\B-G474E-DPOW 1\ Examples\OPAMP\OPAMP_PGA\MDK-ARM\OPAMP_PGA.uvprojx - pVisian

Tools SVES  Window  Help

NBd# 4 ap|c|eppnn S it | M waitronac pawsla-leosa- B
e - B | omMpPea AR d |

i?ﬁ'rﬁj;e_ﬁ; L] »-‘7-_. = ~p .@- W —‘

=172 Project: OPAMP_PGA if (UserButtonStatus = 1)

=43 OPAMP_PGA
il [ Application/MDK-ARM
= 3 Application/User

& L main.c

L] stm3lgdes it

G L] stm3Zgdiec Ral msp.c
£ 5 Doc

1] readmebt

) 3 Drivers/BSP/STM326 40 Nug
il [ Drivers/STM32G4io HAL Drin
= 55 Drivers/CMSIS

i L] system_stm3Zgdie

& ciusis

4 | gl

project| @ sooks |- () Fusic |y =mp_|

~

i71
172
173 L

{
HAL Delay(200);
UserButtonStatus = 0;
/* Change the gain */
1f (nopamp3.Init.PgaGain = OPAMP BGA GAIN 2 OR_MINUS 1)
1
nopamp3.Init.PgaGain = OBAMP PGA GAIN 4 OR MINUS 3:
1
elze
1 - -
hopamp3. Init.PgaGain = OFAMP. PGA GAIN 2 OR MINUS 1;
¥
/* Bpdate OFAMP config */
/* Gain is changed on the fly */
1f(HAL OF != HAL OFEMP Init(&hopamp3))
1
Error_Handler():
)
)

/* USER CODE END WHILE */

/* USER CODE BEGINW 3 */
/* USER CODE END 3 */

& @brief System Clock Configuration
* @retval None
o

174 void SystemClock Config(void)

135t

RCC_OscInitTypeDef RCC OscInitStruct = ([0}
RCC ClkInitTypeDef RCC ClkInitStruct = (0}

/** Confiqure the main internal regqulatcr oucput voltage

'

HAL. FWREx ControlVoltageScaling {FWR REGULATOR VOLTAGE SCALEL BOOST);
f** Initializes the CPFU, AHB and AFB busses clocks

o

RCC_OscInitStruct. OscillatorType = RCC_OSmTGRmE_Bﬂ t
RCC_OscInitStruct.HS5IState = RCC _HSI ON,
RCC_OscInitStruct.HSICalibrationValue = RCC__BSICBLIBER‘LIOK_DF_FEELT':_
RCC_OscInitStruct.PLL.PLLState = RCC_PLL _OH:

ol e
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Check the Device Pack

C:.l.lsaz-ﬁffflu BlavisenSTMILCube' Eepostan\STMEZCube FW G V1 IWProjectn B-GIE
File Edit WView Project Flash Debug Penpherals Tools  SVES  Window  Help

NBEAd@ 4 2B 20 |w= PRBAR EEER
@*E&ﬂ@ﬁ'ﬂ:l]ﬁ|AﬂEEamCumpematrun|_J$|ﬁ%*ﬁ?@|
ﬁﬂ ]_'Im| N
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G4 Device Pack

Keill MDK-AR

ol e

Exit

<
Action ;?. left): Update Pack descriptions,

0., CO/ Cmsis_pack/Tepo/NEP LPCS4102_DFR.pdse

8 Pack Installer - m:\Keil_vSVARMIPACK — [m] b4
File Packs Window Help
| Device: STMicroelectronics - STM325474
bl | Bl | b
- X Pack | Action E)gscﬂpﬁonﬂ [
Summary = Device Specific [1Pack |sTME2 -
% @ Silicon Labs 906 Devices =l | = © Untodse | Kell -STM32G4XX DFP
@ ¥ Sinowealth 1 Device - Generic 40 Packs " —
E® SONK 50 Devices ® AlibabaAliOSThings |« (nstall A0S Thing  [Frere paer
g @ mﬂnelm[ﬂ,‘;ﬁ 1284 Devices 0 ARMEAMP __@ I_n_rtzll Software comNgnents far inter processor communication (Asymmetric MHMJ”
51 %2 STBIueNRG Series + Dewice # - ARMICMSIS Up ta date | CMSIS (Cortex Microcontroller Software Interface Standard)
& “W"i STBlueNRG-1 Series T Device i+ ARM:CMSIS-Driver Up to det= || CMSIS Drivers for external devices
51 %2 STBIlueNRG-2 Series + Dewice # - ARM:CMSIS-Driver Va... | € Up to date || EMSIS-Driver Validation
i %% STMB2FD Series 117 Devices i ARM:CMSIS-FreeRTOS Up to dat= || Bundie of FreeRTOS for Cartex-M and Cortex-A
5398 STMIIF1 Seres 95 Devices ) -ARM:CMSIS-RTOS Val... | €8 Up to date || CMSIS-RTOS Validation
%% STMAZF2 Series 45 Devices & ARMembedClient | @ Instsl ARM mbed Client for Corter-M devices
& T ‘STM32F3 Series 30 Devices T ARM:mbedTLS @ _Install ARM mbed Cryptographic and SSL/TLS library for Cartex-M devices
1% STM32FA Series 205 Devices & ARMzminar & Instal mbed 05 Scheduler for Cortex-M devices
5198 STM3IF? Seres 115 Devices ) -ARMETFM 73'.3" > _Install Trusted Firmware-M (TF-M] is the reference implementation of Arm's Platfor
34 Devices 1* EmbeddedOffice::Flex... &2: Install Flexible Safety RTOS
118 Deevices ) Keil:ARM_Compiler g Upto dete || Keil ARM Compiler extensions for ARM Campiler 5 and ARM Compiler
m »tg STMI2G437 74 Devices # Keil:iMXFT 105 MWP :52 Inetall= MNXP .V BT 105x MDK-Middleware examples and CMSIS-Drivers
& A% STM3ZGA] 8 Devices P &) Keil:Jansson _@‘ Install Jansson is a C library for encading, decoding and manipulating JSON date
i #% STMI2GAT 17 Devices /I [ﬂ Keil:MDK-Middleware | Upto dete | Middleware for Keil MDK-Prefessional and MDK-Plus
& 4% STM3ZGATS 25 Devices & AwlPlwlP _@_‘ Install IwlP is a light-weight implementation of the TCP/IP protocol suite
4 STMIzGTA ST M 32 G 474 _ M MDK-Packs:8WS laT ... &‘2’ Install= SDK for connecting to AWS IoT from a device using embedded C
& 4% STM3z6A83 9 Divices [ & MDK-Packs:Azure_|oT _@_‘ Install= Microsoft Azure IoT SDKs and Libraries
) fE sTM3zG4ed O Defeee \ [ — M MDK-Packs:cJSON &‘2’ Install Ultrslightweight JSON parser in ANSI C
& 45 STM3ZGBK1 Y Disiices N & MDK-Packs:Google lo... _@_‘ Install= Gaogle Cloud loT Device Connector
H 9 STM32HT Series 22 Devices # MDK-Packs:laT_Socket &‘2’ Install Simple [P Socket (BSD like)
= STMEZL(!S;EWE. 152 Devices & MDK-Packslsmn _@_‘ Install Minimalistic ISON parser/ izerin € _|
& "ES’ STM32L1 Series 81 Devices _vl il ) MNK-PacksBahn MM |05 incall= Frhedded MOTT /7«4 Chenf lThrrh--c _bl—
iCannot download file hittpuYmclxprasso.nip.com/emsis_pack/rap o/NXP. LPGﬂmSMTDFdesc Ilegal MIME type ‘text/fitml' ~
icannot download file bittpu/melxpresso fxp.com/emsis_pack/rep o/NEP.LPCS4018_DFP.pdsc lllegal MIME type ‘textzhiml
\Carnot download file httpuimelixpresse,mip.comfemsis_pack/iep o/AXP.LPCI4101_DFP.pdse: lllagal MIME type texthtm!
v
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Check the Options
Cillsziczsfeny blatisenSTMIAZCube Eeposton\STIME2Cule FW_G4 V1.T.0\Projectn B- G845

File Edit WView Project Flash Debug Penpherals Tools  SVES  Window  Help
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Keill MDK-AR

Clock speed and Debug

Options for Target 'OPAMP_PGA' b4
Device Tamel | Output | Lising | User | C/C+=| Asm | Linker | Debug | Utiites |
STMicroelectronics STM32GA74RET —c:& ‘ ' :
na] {M]—h}— IIT?"JT |Usedefmlt compiler version 5 :]
Opersiing system: | None = | il e Simion
System Viewer File: ¥ Uss MicroLIB T FigEadian
5T 47 4 svd J Floating Point Hardware:  |Single Precision |
[T Use Custom File
- Read/Crly Memory Aras - Read /Wit Memory Areas
defsult offchip  Statt Size Statup | | defaut offchip St Size Mol
r Row: | | ool Rawmt | | r
r  Rom2: | | e I~ RAMZ | | r
I Rom3: | | ™ ™ RAM3 | | I
# [ROM1: |(xBOODD0  |0:80000 w W IRAMT. 020000000 [Bx20000 r
™ iRoMZ: | | © I IRamz. | | r

life.augmented
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ST-Link Debugger - Settings

Options for Target 'OPAMP_PGA' *

=

Device | Target | Output | Listing | User | C/C++ | Asm | Linker Debug | Utiies |

7 Use Smulstor  with restnclions Settings. I " Use: |ST—T_frkDebugga’
r Lhniﬁpﬁ:dln Hﬂﬂl-'ﬂme
¥ Load Application at Statup ¥ Rumtamain() v Laaupm:é % ¥ Run
Inialzation le: niiakzation Fie: | 1 .
| J = | I
- Restore Debug Session Seffings i~ Restore Debug Session Settings
¥ Breakpoints [+ Toalbtix ¥ Breakpoints v Toolbox
W Watch Windows & Performance Analyzer [# Watch Windows
W Memory Display ™ System Viewar ¥ Memory Display v System Viewer
CPL DLL Parameter Driver DLL.  Parameter:
|5ARMCM3.DLL I-HEM'AF‘ “MPL ISARMCM&DLL |.4u|Pu
Diglog DLL:  Parameter: Dislog DLL:  Parameter
|D_(-:m:1u_ o4 IT{IM.DLL fpma
[T Wam # outdsted Executable is loaded [ Wam f outdated Executable is loaded
Manage Component Viewer Descrption Fies .. |

‘W [ oKk | Cancel | Defats | Hep |

life.augmented
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ST-Link/V3 & TRACE

=

Cortex-M Target Driver Spup *
it TRACE |
— Debug Adapter & ce
ST-LINK/V3 > Unit: |SAREIT S x IDCODE | Device Name [ | o
V [ Shareable ST-Link SWDID|  2BAD1477  ARM CoreSight SW-DP (ARM Core Up |
0]
Serial Number: ﬂl
I 1e31375M % Automatic Detection ID CODE: I
Version: HW: |V3 FW: |V3-|3M2 € Manual Configuration Tz Meme |
[¥ Check version on start Add | Delete | Updatel IF: ler: | ap: [0
— Target Com
F‘ort:ISW 'I
Clock
’7F{eq:| 10 MHz Selec:ted:l 8 MHz
Performance Profile: IHigh Perf vI
— Debug
—Connect & Reset Options Cache Options Download Options
Connect: |under Reset v | Reset:|Atodetect ~ v| | | ¥ Cache Code [™ Verfy Code Download
¥ Resst after Connect [~ Stop after Reset ¥ Cache Memary [ Download to Aash
K 'l oK I Cancel Apply

life.augmented
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1.170

Keill MDK-AR

Core Clock & TRACE Enable (After)

=

Cortex-M Target Driver Setup

Debug Trace |Fiash Download | Pack |

> Core[]od(:l 170.000000 MHz

— Trace Port
| Serial Wire Output - UART/NRZ ~ |

SWO Clock Prescaler:l 15
¥ Autodetect

SWO Clock: I 11.333333 MHz

2. TRACE Enable

¥ Trace Enable
— Timestamps
¥ Enable Prescaler: |1 vl

— Trace Events
[ CPI: Cycles per Instruction

— PC Sampling

[~ EXC: Exception overhead

Prescaler: |1D24‘16 'I

[” Periodic

Period: I <Disabled:>

[ on Data R/W Sample

[~ SLEEP: Sleep Cycles

™ L5U: Load Store Unit Cycles
™ FOLD: Folded Instructions
[~ EXCTRC: Exception Tracing

—ITM Stimulus Ports

. Uncheck EXCTRC

E]| Port 24 23

Port 16 15

Part g 7 Port [i]

Port 23.16 [~

Enable: | (00002000 T T T T FTT I I I T r I FTTTrrrrd

Privilege: I[hDDDDDDﬂB Port 31.24 |v

Pott 15.8 [ Pot 7.0 [~

. Uncheck all but 15

— Advanced settings

[ Owerwrite CYCCNT

[ lgnore packets with no SYNC

50K >

oK I Cancel

Apply
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Build

Cillsziczsfeny blatisenSTMIAZCube Eeposton\STIME2Cule FW_G4 V1.T.0\Projectn B- G845
File Edit WView Project Flash Debug Penpherals Tools  SVES  Window  Help
ﬁﬁﬂﬁ|i-;lﬁ|'l -"-|*l--|\‘f:?.ff.1*= I s
& e s %&@@i
F"j‘%f'_l‘f 2\ ]ﬂ:m | “

| =i M T TR R R -

Build Cutput

Program S5ize: Code=g65le RO-data=59%6 EW-data=44 ZI-data=l12&E8

FromELF: creating hex file...

DPﬁHP_PGARDPﬁHP_PGA.hex: Warning: Q9531W: Your license for feature EKeil will expire in 30 days
Finished: 0 information, 1 warning and 0 error messages.

‘ 'DPAHP_PGARDPAHP_PGA.axf' — 0 Errori(s), 0 Warning(s).
,l Build Time Elapsed: Qo:z0l:22

life.augmented
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Load

Chllszisiz=fany blusen ST 2Cube! BEeposton\STIBZCubke FW G V1. 1.0WProjects B-GRE
File Edit WView Project Flash Debug Penpherals Tools  SVES  Window  Help
_‘lﬁgﬁ|i _lﬂ| ""|'|"|Fff??.'_'i1"7 == JE Js

© [F B . e
"Fri{fei:f ZX ﬁ H ]Jm [

i T T TR TR R -

Build Output

#eion X Contents mismatch at: 08001860H (Flash=38H Required=C5H)

Contents mismatch at: 0800182&l1H (Flash=46H Redgquired=FEH)
Contents mismatch at: 03001262H (Flash=FEH Reguired=38H)
Q Error: Ffa:Sh[;‘ﬂWl‘lh!&dfﬂ“E_l_i - “Cartex-mMa" Contents mismatch at: 080018e¢3H (Flash=F7H Regquired=00H)
Contents mismatch at: 0B001364H (Flash=BSH Regquired=&0H)

Contents mismatch at: 08300182&5H (Flash=FCH Redquired=&CH)
,’ Too many errors to display !

Error: Flash Download failed - ™"Cortex-M4™

life.augmented




&) Keil MDK-ARM
Options
Chllsziszefany blasen5TMIZCube Eeposton\ STMBZC Ul FW_G4 V1.1 WProjectn B-GI 5

File Edit WView Project Flash Debug Penpherals Tools  SVES  Window  Help
NBEAd@ 4 2B 20 |w= PRBAR EEER
@*E:l] Ey &2 :‘i:l Jﬁ| ADEEamCumpematrun|_J$| & 'Q" & @|
Proje AEN ) manc
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Keill MDK-AR

ST-Link Debugger - Settings

Options for Target 'ADC_GainCompensation'
pti g ainlompenss

Device | Target | Output | Lising | User | €/C+| Asm | Linker Debug | Unities |

7 Use Smmulstor  with metctions Seffings I ¥ Use
[ Limit Speedto Hlﬁl-'['ﬁrne
[V Load Appiication at Statup [ Runtamain() ¥ Lo 1. dSetp W Run
| Af s ||]
- Restore Debug Session Seftings - Pestore Debug Session Settings
[V Breakpoiris ¥ Toalbox v Breakpoirts ¥ Toolbex
¥ Watch Windows & Perfomance Analyzer ¥ Watch Windaws

¥ Memory Display [ System Viewer

¥ Memory Display ¥ System Viewer

oPUDLL Parameter:

|5AF€MCM3.DLL |-HEM-AF‘ -MPU
Dialog DLL: Parameter:

|5ARMCM1DLL |.—MFU -
Dialog DLL: Parameter:

|D_€_1'IH_ULL [pCM4
[T \Wam & mutdated Executable is loaded

|T{ZM.DLL [pCM4
[ Wam i owtdated Executabls is loaded

Manage Companent Viewer Desorption Fles . |

Cancel | Defauts |

ol e
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Keill MDK-AR

Flash Download — Add

Cortex-M Target Driver Setup

Debug I Trace Fash Download | Pack I

— Download Function

4/\ & ¥ Program

RAM for Algorithm

LoRp  ©
% Era 1 rz v Verfy &art:l[h:ZMIlIl] Size: |0x1000
" Do *l | Resetand Run
— Programming Algaritt
Description | Device Size | Device Type | Address Range I
STM32G4xx 512 Single Flash B2k COn-chip Flash 08000000H - 0BO7FFFFH
Start:l Size:

Add I Femove |

o]

Cancel

Apply

ol e
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Keill MDK-AR

STM32G4xx 512 Dual Flash

Add Flash Programming Algerithm ot
Description | Flash Size | Device Type | Crigin | .-n.
STM32G4xx 512 Single Flash 512k On-chip Flash Device Family Package

STM3I2Gdo 512 Dual Fash 3 On-chip Flash Device Family Package

AMZ9 128 Flash 16M Ext. Flash 16bit  MDK Core

KaP5615UGA Dual Flash 64M Ext. Flash 32bit  MDK Core

LPC 184 3o MX25VB035F . am Ext. Flash SPI MDK Core

LPC18xx/ 43 S25FLO32Z 5P 4M Ext. Flash SPI MDK Core

LPC 180/ 430 S25FL0GL SP... am Ext. Flagh 5P| MDK Core

LPCAD /8 S25FL0O3Z SPIFI 4M Ext. Flagh 5P| MDK Core

LPCE460x MT250Q1L128 SPIFI 16M Ext. Flash SPI MDK Core

M29WE40FE Fagh am Ext. Flash 16bit MDK Core

MIMXET 105 EcoXiP Fash 4M Ext. Flagh 5P| MDK Core

RC28F640J3x Dual Hash 1EM Ext. Flash 32bit MDK Core

S25FL1285_WaC 1EM Ext. Flazh SPI MDK Core

S529GL064N Dual Fash 1EM Ext. Flash 32bit MDK Core

S29JL032H_BOT Rash 4M Ext. Flash 16bit MDK Core

SN M?H TNP Fash AM Fst Flash 1Rkt MK Cnirs i

Selected Flash Algorthm File:

m: Kl _v S ARMWP ACK Keil

TM3IZG4e_DFPY1.1. 0MCMSIS W Aash S TM32G 4w _512_Dual FLM

Add

Cancel

ol e
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Remove Single Flash

=

Cortex-M Target Driver Setup >

Debug I Trace Fash Download | Pack I

— Download Function RAM for Algorithm
LOAD " Erase Full Chip ¥ Program
_Fi % FErase Sectors [V Verfy &art:lih:ZCH]]]]]] Size: 1000
(" Donot Frase [~ Reset and Run
| — Programming Algarithm
| Device Size | Device Type | Address Range

08000000H -

x 512 Single Flash 030
(:2000000H - 0807FFFFH

; On-chip Flash
512 Dual Flash

On-chip Aash

Start: I&D&]]IHII Size: |(= 00030000

Add Remaove I

life.augmented
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@ Keil MDK-AF

Load

B Cillsersisffany Blavsen STMIZCube Bepositan\ STMBZCuke FW_G4 V1.1.0\Prajects B-G4T
File Edit WView Project Flash Debug Penpherals Tools  SVES  Window  Help

Asde[iaa[ocjejrnnnEren

L] Hﬂnﬂt|

Build Output

Build Time Elapsed: 00:01:22
Load "CPAZMP PGA\\OPRMF PGL.axf"
Erase Done.

Programming Done.

‘,’ Verify OH.
erit, Flash Load finished at 17:34:57
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=

Debugger

File Edit WView Project Flash Debug Peripherals Toaols SYCS  Window Help

rrrrEsr e eI T T vas@ke oo a-@ ]
@ﬂ@@ﬂﬂﬁmmmmmmUNﬁ%¢@@| AN
Prajec ﬁ“ﬂ| ]ﬁum|umn] q

I

vas @-jec
= i
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Place variable in the Analyzer — main.c about lines 235 & 240
s ) maine | ] resdmest

=i,

233% /* USER CODE BEGIN D&ACL Init Z */
Z34 H fv* DAC caiibration
. =238 | ey
50 236 if (HAL DACEx SelfCalibrate(ihdacl, &sConfig, DAC CHANNEL 1) != HAL OK)
287 H € Split Window harizantally
Z38 E::ro::_l_lﬁ.nd.le: '
E38 = ) Imsert =include file i
240 if (HAL DACEx# SelfCalibrace{fhdacl, L&Config, DAC CHANNE .
= - (HAL. 1 15 { . g /_\ | Togagle Header/Code File
) 242 Error Handler(): e —
253 3 Vi %
234 /* USER ©ODE END DACL Init 2 */ HVisian
245 CHrl+F10
0 2126 |
2a7 L Cannot add 'DAC_CHANMEL_1' to Logic Analyzer bt Fa
L A it Ctit=F3
249 * @prief TIMZ Imdtialization Fumorcy )
250 * Eparén Mone C_CHANNEL_1' Fiz
251 * @recvsl None 'DAC_CHANNEL_1' Ctrl=Num =
252 L ey _— B - o .
253 sStatic void MK TIMZ Tnit fvoid) Go To Previous Reference To "DAC_CHANNEL 1° Chri-Hum -
= fgg;EH | Add DAC_CHANNEL 1'to.. r Watch 1
fg:ﬁ o SO SR R e Y Insert Tracepaint at DAL CHANNEL 1. b it
258 /* USER CODE END TIMZ Init 0 */ Enable/Tisabie Tmcepaint Memory 1
255 - L ; - temory 2
260 | TIM ClockConfigTypeDef SClockSturceConfig = (0}: O (et enove BoouRME: SR e
261 TIM MasverConfigTypeDef sMascerConfig = (0}: 9 | Widi CtH=Z o
‘262 = Reda Q=Y Memaory 4
‘ Z€3 /* USER CODE BEGIN TIMZ Init 1 */ ' —
Z64 W At Q=X | Analyzer
liteaugmented 263 /* USER CODE END TIMZ Trit 1 */ 2y Copy s
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Exit Debugger

File Edit WView Project Flash Debug Peripherals Toaols SYCS  Window Help

rrrrEsr e eI T T vas@ke oo a-@ ]
@m@a@-mwAmmmmmum5%¢ﬁ>@| AN
Prajec ﬁ“ﬂ| ]ﬁum|umn] q

I

vas @-jec
= i
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Add 3 new variables in main.c about line 59

=

t4 /®* TUSER CODE BEGIN PV *f

55 /% Private wvariakles - ———————————————————————————
56 /* get to 1 after User push-button interrupt */
57  I0 uint3Z t UserButtonStatus = 0;

=8

28
60
6l

See CodelLinesForOpAmp_09032019.txt in
c:\2019_STM32G4_ Workshop\HandsOn_Labs\OPAMP




Keill MDK-AR

Add new lines in main.c about line 177

=

174 Error Handler():;

ISESE - }

176 | }

177 f* Display the global wvariables in the Logic Lnalyzer */f

178 Display DACIDCR1 = DAC1->DORL;

175 HAL Delay(l); FFP1l millisecond delay to transfer data to the PC
180 Display DAC3IDORZ = DAC3->DORL1:

181 HAL Delay(l): FF1 millisecond delay to transfer data to the PC
182 Display ADC3IIN1 = ADC3->DE;

183 HAL Delay(l): FFl millisecond delay to transfer data to the PC
184 | }

185 f* USER CODE END WHILE */

See CodelLinesForOpAmp_09032019.txt in
c:\2019_STM32G4_ Workshop\HandsOn_Labs\OPAMP

Lys
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Keill MDK-ARM
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Build

Cillsziczsfeny blatisenSTMIAZCube Eeposton\STIME2Cule FW_G4 V1.T.0\Projectn B- G845
File Edit WView Project Flash Debug Penpherals Tools  SVES  Window  Help
ﬁﬁﬂﬁ|i-;lﬁ|'l -"-|*l--|\‘f:?.ff.1*= I s
& e s %&@@i
F"j‘%f'_l‘f 2\ ]ﬂ:m | “

| =i M T TR R R -

Build Cutput

Program S5ize: Code=g65le RO-data=59%6 EW-data=44 ZI-data=l12&E8

FromELF: creating hex file...

DPﬁHP_PGARDPﬁHP_PGA.hex: Warning: Q9531W: Your license for feature EKeil will expire in 30 days
Finished: 0 information, 1 warning and 0 error messages.

‘ 'DPAHP_PGARDPAHP_PGA.axf' — 0 Errori(s), 0 Warning(s).
,l Build Time Elapsed: Qo:z0l:22
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&) Keil MDK-ARM
Load
Cillsziczsfeny blatisenSTMIAZCube Eeposton\STIME2Cule FW_G4 V1.T.0\Projectn B- G845

File Edit WView Project Flash Debug Penpherals Tools  SVES  Window  Help
NBFEF 4 aB|20|«= ORBAREFEE

@*E:I] &2 - E‘i:l Jﬁl ADEEamCump&matrun|_J$| & 'Q" i %|
Prajec AN ) nﬂtmt|

|—|mﬂ'l.lnrlﬂ-'|"‘-




Keill MDK-AR

Debugger — Exit back to the Editor

=

File Edit WView Project Flash Debug Peripherals Toaols SYCS  Window Help
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174
LTS B
176
177

Right Click

Lys
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13
130
131
182
183
184 |
185

Keill MDK-AR

Display DAC1DOR1 in the Logic Analyzer

Error Handler():;

}

}
f* Display the global wvariables in the Logic Lnalyzer */f

Display DACIDCR1 = DAC1->DORL;

HAL Delay(l); FFP1l millisecond delay to transfer data to the PC
Display DAC3IDORZ = DAC3->DORL1:

HAL Delay(l): FF1 millisecond delay to transfer data to the PC
Display ADC3IN1 = ADC3-3>DR;

HAL Delay(l): FFl millisecond delay to transfer data to the PC

/* USER CCDE END WHILE */

ol e




Keill MDK-AR

Display DAC1DOR1 in the Logic Analyzer

=

Go To Previous Reference To 'Display_ DACIDORY ACtrt=MNum -
Add 'Dispiay_DACTDORT ta.. r Watch 1 l,_
[nsert Tracepoint at "Dilsplay GRCTGORD ., k Wetch2 —
Erable/Disable Tratepaint Memary 1
insert/Remove Bookmark Chii=F2 Meman/2
Unda sz Memory 3
Redo y Meman4
cut 2. Analyzer »|  nsipzer
A Cupy ChAC
Paste ey, B
Select All Cirl+a
Eseculion Pratiling F
Outlining K
Advanced 3
o

Lys
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Keill MDK-AR

Setup — Min=0x0, Max = OxFFF

1. Setup - [Setup...[Load _ 2 Mm‘nme Max Time  Grid | Zoom | Min/Max  Update Ser
S| 36eE7Ts |954579'r= [ Tme [mfos ]||Elr:
%T Setup Logic Analyzer *
gl' |Curmr'|1 Logic Analyzer Signals:
%1.
I | Lot Tl
@,Dls&ss.emhu [l < ’
LJ7= El_ r— Signal Display———— [~ Display Range =

.155 T Display Type: IAnang -l Max: O<FFF =

61 i o,
éz - ™ Hexadecimal Display

g;a Fe — Display Formula (Signal & Mask) == Shift ﬁ

B4 . PR ——

T2 .|| | AndMask [5x00000000 shit Richt: [ | 2. L

€8  wvol| - Export/ Import

:.; :z: Export Signal Definitions... | Import Signal Definttions... |

= ™ Delete actual Signals
<7 - 7

Sl /=

72 3. Close [ oo e |

life.augmented J3 = ;mml/



=

@ Keil MDK-AF

RUN

E Crills=rsi=fany Blaussn S5 T2 2Cu
File Edit View Project Flash

rrrreri’
e

u




DACH1

_OUTPUT1

Keill MDK-AR

- Min Time

Max Time  Grid

|| @s  [5596001s | 20ms

1673

[53.58457 5|

ol e




Keill MDK-AR

Debugger — Exit back to the Editor

=

File Edit WView Project Flash Debug Peripherals Toaols SYCS  Window Help
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STM32CubeMx

Recall we are using, Op Amp 3

[ STM32CubeMX OPAMP_PGA joc: STM32G474RETx - 8 X
-
smz @ i _).< L
e File Window Help H - ’ Y/

OPAMP_PGA.ioc ENERATE CODE

out & Configur:

Pinout & Configuration Clock Configuration Project Manager

Addifianal Saftware v Pinoul
DAC1 Made and Configuration N £ Pinoutview = Systam view
System Gore 5 OUT1 mode [Connected to extemal pin-and to-an chip-penpharals v]
) ©UT2 ode [Disable v 2 g §
Hnalog - [ External Trigger E 24
ADCT E 5 ;
\ ADC2
ADC3
ADCA
ADCS
@ COMP1
COMP2 Configuration
ggmgj 1 Corfigutation
COMPS Parafmeter Setting
COMPS
D C COMPT [Configure the beiow. |
DAC] T s 5
a o o) )
A 1 DA A[Searun (G| L]
DAG3 + DAC Out? Settings
DACA Output Buffer Enable
OPAMPY DAC High Frequency Mode Automatic
O pAm p3 CPAIP2 DA Doutie Data Disae
WF Signed Farmat Disable ] ] STM32GAT4RETX
OPAMPA Trigger Timer 2 Triggar Out event I I m e r : 2 I rl e r Vo ey
" giimgz Trigger2 Nane
Wave ganeration mode Disabled -
User Trimming Factory trimming
- Sample And Hold Sampleandhold Disable
imers 4
Connectivity > =
£ &
Multimedia > g =
k! -
Secuity > 2 H
&
Computing >
, Middleware >
Q O R oo C —

Utilities > oo




STM32CubeMx

We will go with this for now, but where is the output?

System Core % Mode |F-‘L;A Mot Cannected
El Tmmer Controtied Mux Mode
Anzlog - Surtohing On Investing Inputy [Disable
o Switchig On Non Inverfing Inpuls |L'}i:—:-i?:.-le

ADCY

A ADC2 L
ADC3 Cenfiguration
ADCA
ADCH Resel Configuation

@ CoMP1 ;
COMP2 . S ERSnEetSStingss @ User Constants | @ GPID Settings
COMP3 Canfigure the below parameters
COMP4
COMP5 G (
COMFS  Basic Parameters

. COMPT Power Mode Norrnal

- 4
DAC2 il S
DAC3 User Timming Disable
DACA
CORAMPA
‘, l OPAMP2
life.augmented OpAmp3




STM32CubeMx

We will go with this for now, but where is the output?
G - |

System Core

Mode |F'l“;'A Mot Connected

|:| Tmer Conimotied Moy Mode
S ting Inputs [Disable

tohing On Non Inverting Inputs |Bizable
From the readme.txt file in the project, “Connect an

oscilloscope to (OPAMP3_OUT, PB1: pin 24 on
connector CN10) pin to display waveform”
il EC

COMPS alse s

Anal og b

COMPS ~ Basic Parameters
B QOMF‘T Power Mode Morrral
- D;;.CZ FGA Gain 2.0r-1
DAC3 Uiser Trimming Disable

DACY

r CEAMPY
ORAMPZ
2y7 OpAmpSW




Categanas

2. PGA Internally

Analog W

\ ADC1
ADC2
ADC3
ADC4
ADCS
COMP1
COMP2
COMP3
COMPA
COMP5
COMPS
COMPT

DAC2

DAC3

DACA

OPANMP1

OPANP2

Lys
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OpAmp3

STM32CubeMx

Set the PGA to an internal connection

Mode

3 Timer Cantrolled Mux Mods

Swifchimg On Invedding Inpuls \Disable

T ||__'I::’.’.Hf'—.

Configusation

| © Fatamsts! Setiings | @ |

@ GRIO Settings

@

- Basic Parameters
Power Mode Normal
PGA Gain 2or-1
User Tnmming Dizable




STM32CubeMx

Configure ADC3 — VOPAMP3, etc.

e -2 R

Systern Core » IN1 Single-endad
1IN Single-ended
#nslg - 1 1M12 Single-endad
= [ Vbat Channel
ADCY
A ADCZ 0 Vrefint Channel
A D C3 VOPANP3 Channel
ADCA
ADCE ation
COMP1
comPz
COMP3
COMP4
COMPE
COMPB
COMPT Qs oirR | € @
v DACH Clock Prescalsr Ssynchrafibns=cis
DACZ o
7 0 Resolution ADC 12-bit resolution
DACA Data Alignment Rught alignment
OPANMP1 Gain Campensation 0
ORAMPZ Scan Conversion Moda Disabled
v OPAMP End Of Conversion Selection End af single comersion
CPAMPS Low Power Auto Wait Disabled
OFANIPS Cantinuous Conversion Made Disabled
OPAMPE Discontinuous Cenversion Mode: Disabled
OMA Continuous Requests Disabled
Owerrun behaviour Overrun data overwntten
Timers > ~ ADC_Regular_ConversionMode
Enable Regular Conversions Enable
Connectiity * Enable Regular Oversampling Disable
Number Of Conversion 1
Multimedia 4 External Trigger Conversion Source Timer 2 Trigger Qut svert
‘ — 5 Esxternal Trigger Conversion Edge: Trigger datection on the falling adge
, l curity ? o Rank i
N . Channel Channel Vopampd
life.augmented Computing 2 Sampling Time 2.5 Cyeles




STM32CubeMx

File — Save Project — Generate Code

fov X &7
2. Generate COde GENERATE CODE

RETx

1. File — SAVE Project > v

Home > S {74R

OPAMP_PGA.ioc - Pinout & Configuration

Pinout & Configuration Clock Configuration Project Manager | Tools
Additional Software v Pinoul
a ADC3 Made and Configuration ] £ Pinout view System visw
[ -2 R ‘ q
i ) 4
System Core 5 O 1M1 Single-endad
[ IN5 Single-erded
Hnaloy k4 1 IN12 Single-ended
= [ Vbat Channe!
ADCY
\ ADCZ [ Veefint Channel
VOPAMP3 Channel
ADCA
b= Gonversion Triggar [Disable =
m Code Generatian x

o The Code s successfully generated under C:/Users/|effery blauser/STI ube/Repositony/STM32Cube: FW_G4 V1 1.0/Projects/NUCLED-GATAREExamples/ OPAMPIORAME_PGA

3. Do not Click — Go to Keil

~ ‘ADC_lnjacted_ CanversionMode

T GeAlE can Comersion Mode Disabled | 4 STM32G4TARETx
ity End OF Comversion Selection End of single conversion
\ OPAMPE Low Power Auto Wait Disabled TPANPI_VINP.
Cantinuous Canversion Mode Disabled
Discontinupus Conversion Mode Disabled
Vi 5 DMA Continuous Requests Disabled
Overrun behaviour Overrun data overwriten
D N * ‘ADC_Regular_ConversianMade
Enable Regular Canversions Enable
p—— 5 Enable Regular Oversampling Disable 5
Nurmber Of Conversion 1 g
Sevuey > Extemal Trigaer Canversian Seurce Timer 2 Trigger Qut svert g
External Trigger Conversion Edge Trigger detection on the falling edge
Computing > A Rank 1
Channal Channel Vopamp3
Widdleware > Sampling Time 25 Cycles
Offset Number No affset = s 2 E
Utilties > = = = a Q|

life.augmented



Keill MDK-AR

=

Click YES 3x

wVision

ChUsers\feffery
blauserSTM32Cube\RepositonSTM32Cube FPW_G4_V1,1.00Pr
ojectsiNUCLED-GATARE\Examples\OPAMP\OPAMP_PGA\STr\ma

in.c

File has been changed outside the editar, reload 7

[ | me

Lys
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Keill MDK-ARM

ol e

Build

Cillsziczsfeny blatisenSTMIAZCube Eeposton\STIME2Cule FW_G4 V1.T.0\Projectn B- G845
File Edit WView Project Flash Debug Penpherals Tools  SVES  Window  Help
ﬁﬁﬂﬁ|i-;lﬁ|'l -"-|*l--|\‘f:?.ff.1*= I s
& e s %&@@i
F"j‘%f'_l‘f 2\ ]ﬂ:m | “

| =i M T TR R R -

Build Cutput

Program S5ize: Code=g65le RO-data=59%6 EW-data=44 ZI-data=l12&E8

FromELF: creating hex file...

DPﬁHP_PGARDPﬁHP_PGA.hex: Warning: Q9531W: Your license for feature EKeil will expire in 30 days
Finished: 0 information, 1 warning and 0 error messages.

‘ 'DPAHP_PGARDPAHP_PGA.axf' — 0 Errori(s), 0 Warning(s).
,l Build Time Elapsed: Qo:z0l:22
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&) Keil MDK-ARM
Load
Cillsziczsfeny blatisenSTMIAZCube Eeposton\STIME2Cule FW_G4 V1.T.0\Projectn B- G845

File Edit WView Project Flash Debug Penpherals Tools  SVES  Window  Help
NBFEF 4 aB|20|«= ORBAREFEE

@*E:I] &2 - E‘i:l Jﬁl ADEEamCump&matrun|_J$| & 'Q" i %|
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Keill MDK-AR
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Start Debugger

File Edit WView Project Flash Debug Peripherals Toaols SYCS  Window Help
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Keill MDK-AR

Add Display ADC3IN1 to the Logic Analyzer

=

F53 Hsezﬂutt;ﬁﬁti 2 e

! e = l' o t
153 /* Change th Add Bisplay ADCIINT to.. mtm_'f
1'5; L if (Ropamp3. irse int at Display ADCINT. b Vatch 2.
155 { i
156 hopamp3. In Eniabl leTracepaint Memaory 1
3157 |-

2 ! ™ nsert & Bookmark Ctri<F2 Memury 2
158 elae. SO
159 [ { £ indo Cifl=Z IR
166 hopamp3.In . pag. Chit=1 Memory 4
16t | } J ) —

162 /* Update: O Lt Gk | Analyzen “
163 /* Gain is ¢ Capy Ctrl+C '
164 if (HAL OK i=,
= == Paste el

1654 f 135 ) '
166 Error: Hand Select All Ctri-A
167 | ] )
168 | } Edecition Prifiling k
iE8 /* Display the:
170 Display DAcipg  outiining "1
ITE HAL Delay(1): Advanced bl
372 Display DAC3DC .

r 173 HAL Delay(l): ¥ | Hesadecimal Display (radix=18) pC

,l 174 Display ADCSINT = ADC3->DR:

life.augmented == T



Keill MDK-AR

SETUP ADC3IN1 -0 to OXFFF Close

=

Jsmlmad, MnTme MaxTme Gid | Zoom | Min/Max L

2/\5am. | 0s  [3475015s [ Z0ms [ J[Out] Al (A [Unda] [
|
!

L \ | Setup Logic Analyzer

m - 3 e =
: Dy DACIDOR1

M.

I < > E
53 [ SanelDilay | [ Diplay Range

3 | Display Type: [Anabg  +]| | Max: [eFre

\oal | Display Formuia (Signal & Mask)>> St £

S fedvesk [Gowooooos  swRee (3

: 1|+ Export / mport

Expot Signal Definions. | Import Signal Defiiians. .|
I Delets actual Signals

_'>1| ]

Lys
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Keill MDK-AR

DAC output is good, Why is the ADC zero?

Setup... ||Load. || MinTime  Max Tme  Gnd
Save..| || Os  |5869277s | 20ms [

4035 | | E E

L BR1 ; : : :

awss| |

3N

b




Keill MDK-AR

=

Exit Debugger

File Edit WView Project Flash Debug Peripherals Toaols SYCS  Window Help
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STM32CubeMx

[Tl OUT1 Connected to on chig-penipherals only

System Core 2

a OUT2 Cannscted to an chip-peripherals anly

Analog - [l Extemnal Trigger
ADCH

A AL C2 Canfiguration
ADCA Resat Configuration
ADCSH
COMP1 & Famamels) Ssttihgs | @ User Constants | ® NVIC Settings | @ DMA Settings
comMPz Efﬂnﬁgurﬁ the below paramaters -
COMP3
COMP4 QSam t T D
CONES ~ DAC Out2 Ssttings
ggmig Output Buffer Disable

o A DAC High Frequency [Made Automabic
DAC? DMA Double Data Digable

DAC3 Signed Formt Disaie

CAC4 Trngger Timar 2 Trigger Cut evenl
CPAMP1 Trigger? Mana
ORANMPZ Wave generation mode Triangle wave gensration

v UPARE ' ‘Maximum Tnangle Amplituds

‘ OPAMP'E" User Trimming Factary tnmming
" 4 EEAWE Sample And Hald Sampleandhold Tisable

life.augmented



STM32CubeMx

DAC3 — DMA - ADD - DMA1_CH2 — Periph=word / Mem=half word

System Core »

Anzlog bt

ADC1
& ADC2

Apc4
ADCS
COMP1
ComMP2
COMP3
COMP4
COMPS
COMPS
COMP7
DAC2
DACA
OPAMPA

DAC3 Pt

QPAMP4
OPAMPS
OPAMPG

m Tirmers >

life.augmented

Franmartiitue y

[ OUT1 Connected to on chip-penipherals only
OUT2 Connectad to on chip-perpherals anly
[ Extemal Tngger

DMA Request
[DAC3_cHz 1 Chan ‘Memory To Peripheral M
DMA Request Settings
Paripheral Memary
Mode [Circular ~ Increment Address |
Data Width Word v ‘ {Half Word v




STM32CubeMx

OpAmp3 Mode — PGA connected DAC3_OUT2-INP

OPAMP3 Mode and Configuration

Gateqores Mode
ki s y Mode [PGA Connected-DAC3 OUTZINP
[ Timer Controlfed Mux Mode
Mﬂlﬂg - Swifching Of Investing fnpuls 1Disshle
- S TG s Non Inveri 9 u-.’&'l[il':i:'ﬁ.‘le
o AR :
A A2 1 7V
ADCa Resst Canfiguratitn
ADTH | '
COMPA |
ComMP2 J Configure the below paramelers
CONMP3
COMP4
COMPS ~ Hasic Parameters
ggmig Power Mode: Marmal
o CVACH PGA Gain 2ar-1
DACE User Timming Disahble
v DACS
DACA
K OPAMP2
Jeaugmenied OPAMPI
1 e



STM32CubeMx

File — Save Project — Generate Code

fov X &7
2. Generate COde GENERATE CODE

RETx

1. File — SAVE Project > v

Home > S {74R

OPAMP_PGA.ioc - Pinout & Configuration

Pinout & Configuration Clock Configuration Project Manager | Tools
Additional Software v Pinoul
a ADC3 Made and Configuration ] £ Pinout view System visw
[ -2 R ‘ q
i ) 4
System Core 5 O 1M1 Single-endad
[ IN5 Single-erded
Hnaloy k4 1 IN12 Single-ended
= [ Vbat Channe!
ADCY
\ ADCZ [ Veefint Channel
VOPAMP3 Channel
ADCA
b= Gonversion Triggar [Disable =
m Code Generatian x

o The Code s successfully generated under C:/Users/|effery blauser/STI ube/Repositony/STM32Cube: FW_G4 V1 1.0/Projects/NUCLED-GATAREExamples/ OPAMPIORAME_PGA

3. Do not Click — Go to Keil

~ ‘ADC_lnjacted_ CanversionMode

T GeAlE can Comersion Mode Disabled | 4 STM32G4TARETx
ity End OF Comversion Selection End of single conversion
\ OPAMPE Low Power Auto Wait Disabled TPANPI_VINP.
Cantinuous Canversion Mode Disabled
Discontinupus Conversion Mode Disabled
Vi 5 DMA Continuous Requests Disabled
Overrun behaviour Overrun data overwriten
D N * ‘ADC_Regular_ConversianMade
Enable Regular Canversions Enable
p—— 5 Enable Regular Oversampling Disable 5
Nurmber Of Conversion 1 g
Sevuey > Extemal Trigaer Canversian Seurce Timer 2 Trigger Qut svert g
External Trigger Conversion Edge Trigger detection on the falling edge
Computing > A Rank 1
Channal Channel Vopamp3
Widdleware > Sampling Time 25 Cycles
Offset Number No affset = s 2 E
Utilties > = = = a Q|

life.augmented



Keill MDK-AR

=

Click YES 3x

wVision

ChUsers\feffery
blauserSTM32Cube\RepositonSTM32Cube FPW_G4_V1,1.00Pr
ojectsiNUCLED-GATARE\Examples\OPAMP\OPAMP_PGA\STr\ma

in.c

File has been changed outside the editar, reload 7

[ | me
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Keill MDK-AR

In Main.c, change the direction of the DMA to DAC3_OUT2

125 f* Infinite loop */f

130 f* USER CODE BEGIN WHILE */

131 /*#%#—- Enable DRC Channel and associcted DMA #3338 f3383 33838 aasddasy/s
132 ] if(HAL OK != HAL DAC Start DMA(shdac3, DAC CHANNEL 2,

133 (uint32 t*)Sinel2bit, 32, DAC ALIGN 12B R))

Mwa 1 ir

L

Lys
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Keill MDK-ARM
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File-Save-Build

Cillsziczsfeny blatisenSTMIAZCube Eeposton\STIME2Cule FW_G4 V1.T.0\Projectn B- G845
File Edit WView Project Flash Debug Penpherals Tools  SVES  Window  Help
ﬁﬁﬂﬁ|i-;lﬁ|'l -"-|*l--|\‘f:?.ff.1*= I s
& e s %&@@i
F"j‘%f'_l‘f 2\ ]ﬂ:m | “

| =i M T TR R R -

Build Cutput

Program S5ize: Code=g65le RO-data=59%6 EW-data=44 ZI-data=l12&E8

FromELF: creating hex file...

DPﬁHP_PGARDPﬁHP_PGA.hex: Warning: Q9531W: Your license for feature EKeil will expire in 30 days
Finished: 0 information, 1 warning and 0 error messages.

‘ 'DPAHP_PGARDPAHP_PGA.axf' — 0 Errori(s), 0 Warning(s).
,l Build Time Elapsed: Qo:z0l:22
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&) Keil MDK-ARM
Load
Cillsziczsfeny blatisenSTMIAZCube Eeposton\STIME2Cule FW_G4 V1.T.0\Projectn B- G845

File Edit WView Project Flash Debug Penpherals Tools  SVES  Window  Help
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Keill MDK-AR
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Start Debugger

File Edit WView Project Flash Debug Peripherals Toaols SYCS  Window Help
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STM32G4 mixed-signal
MCU workshop

Hands On:
High Resolution Timer (HRTIM)

‘ ’ ’ life.augmented

STM32 G4




Tools

Systems Check

« USB cable + USB-C Cable

« B-G474E-DPOW1 Discovery Board
« STM32G4G4 Family Cube Library
o« STM32CubeMx

Keil MDK-ARM




High Resolution Timer

G4 HRTIM

» Generates up to 12 outputs Internally connected to:
» Up to 6 complementary pair PWM - DMA

outputs « ADC’s
» 184pS resolution « DAC’s
» 6 sub timers, 4 compares each « Comparators
» 32 set/reset sources for 12 outputs « Timers
» Sensitive to up to 10 external events « NVIC

» Deadtime instertion down to 735pS
» Burst mode
» 8 interrupt vectors — 14 sources each



High Resolution Timer

G4 HRTIM — What's new?

The timer F unit has been added to have a total of 12 outputs available, together with a 6th
FAULT input

Rational: possibility to address larger converters
Triple-interleaved half-bridge LLC, requiring 3 x 4 outputs

2x at primary for half-bridge control and 2x at secondary for synchronous rectification
Dual interleaved full-bridge LLC (2x 6 outputs)

Dual phase-shift full bridge converter (2x 6 outputs)

Implementation

Timer F new control / status bits have been added in reserved areas, to maintain partial
compatibility whenever possible
Still, as many registers were full, the option was chosen to maintain all bits in single 32-bit
registers, but breaking compatibility

K’I When bit position was changed, this is managed transparently by the HAL / LL

life.augmented



High F

esolution Timer

G4 HRTIM — What's new? — External Event counter 1 of 2

- The HRTIM v1 offers many options for timing-driven filtering (blanking and windowing)
» Typical use case: leading edge blanking (LEB)

- The HRTIM v2 features event-based filtering: an external event must have occurred a given
number of times before being considered valid

» Typical use case: valley skipping mode for flyback converters
« At low-load, the next PWM cycle must start after N cycles of ringing (the lower the load, the

Lys

life.augmented

higher N)

Figure 9. Drain ringing cycle skipping as the load is gradually reduced

Ve

Il

T I—

Pin=Pir
{Temit cordiion)

[ T ———=| [ T ———|

Po=Pn" <P

AM11485v1




High Resolution Timer

G4 HRTIM — What’'s new? — External Event counter 2 of 2

 Immediate mode

« Event is generated as soon as N consecutive events are occurring during a PWM period
» Event counter is reset on each and every new PWM period

« Cumulative mode (figure below)

» event must occur at least once during multiple PWM periods
» counter is reset only if the event did not appear during the last PWM period

Counter

EEV input H H H |_|_

EEV edge detector | | | |

EEV counter OX 1 X 2 X 0 X1 XZX:a 0

Y

EEV event

‘7{d . i i I nn Inn In M



@ High Resolution Timer

Lab steps 1 of 4

« This Hands On example shows how to configure the HRTIM to control a
non-inverting buck-boost converter timer.

« This example uses the STM32G4xx HRTIM HAL and LL APlIs.

*  You will use the timer unit C and D and TC1/TC2/TD1/TD2 outputs
(respectively PB12, PB13, PB14, PB15).



@ High Resolution Timer

Lab steps 2 of 4

« The FAULT2 input is enabled on PA15 (active LO) to demonstrate PWM shut down
(low level sensitive), for all outputs.

 When the fault is triggered (PA15 input connected to GND), TC1, TC2, TD1, TD2
signals are shut-down. The system can be re-armed by pressing the user
button.

« ADC1 is configured to have conversions triggered in the middle of the
converter ON time, on PA1 (BUCKBOOST _VIN) and
PA3 (BUCKBOOST_VOUT) inputs.

Lys
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High Resolution Timer

Lab steps 3 of 4

« To run the demo, the Vin input pin of the BUCK-BOOST converter must be
connected to the 5V_O supply on the CN9 connector or on an external
power supply. The resulting voltage is available on Vout pin

« LEDs are indicating the following:
« Green LEDA4: blinks during BUCK operation
. LEDS3: blinks during BOOST operation
 Red LEDS5: blinks when FAULT is triggered

gmented



High Resolution Timer

Lab steps 4 of 4

« The demo starts in BUCK mode, and the duty cycle is slowly adjusted in the
TIMC IRQ handler to have Vout continuously varying below Vin value.

« If the push-button is pressed and the voltage is below 5V, the boost mode is
enabled (this is to prevent exceeding the Discovery Kit max output
voltage (15V).

« The voltage is increased above Vin value (with a fixed duty cycle).

« If the push-button is pressed again, the output capacitor is first de-energized
down to 2.5V before re-enabling the buck mode.
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T STM32CubeMX Properties

Seourty Detals Previous Versions.
General Shorteut Compatibiity
m STM32CubeMX
Tammettype:  Application
Target location: STMIZCubsMX
Targst: [ M32C0be\ STMI2CUbeMX\STMIZCube MK 2xe” |
Statin: |"C,\ngfam Fll\STMmda!mrﬂm'\STMm|
Shortcut key- |Nnne |
Run: [ Mol window =
Comment:  |STM3ZCUbeMXx 530 |
| Openfielocation | | Changeleon. | | Advanced . |
| ok || Coneel

Start up

SafeNet {:t

Software license agreement l

ST Motor ControlSpK... v [l

Sticky Notes m
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Advanced Properties
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e
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seProgramimer
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5T Toolset
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STM32CubeMx

Splash Page — G4 Library Installed?

[ STM32CubeMX Untitled

i @

Diihahfy File Window Help

m Embedded Software Packages Manager

STM32Cube MCU Packages and embedded software packs releases

Releases Information was last refreshed less than ons hour ago.

Manage software installations
e MCU Fackiages

Dezcription

Insta fion
|

Check for STM32CubeiMX and embedded sofiware packa.
| STM32F7 )
CHECKIFOR URDATES
| > STM32G0
Install or remove embedded software packa
|¥  STM32G4 I I I R
nstall/Remove
: STM32Cuba MCU Package for STM32G4 Series 140 11.0
: STM32Cubs MCU Packaga for STM32G4 Series 1.01 104

Detalls

New multicore STM32MP1 Series
for Industrial and loT applications
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(£

OpenSTLinux "l
|

From Lacal Fram Ut Rafrash Install Mow Remave hlow
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STM32CubeMx

[ STM32CubeMX Uniitled — O b
el 1 1 Agh Ao, e
g 1. File—Load Project T — »
oad Proje
Exitig Propcts e Brfect manage somw]  L0OKIN | HRTIM_Buck Hoost v | B G 3 BBl
: EWARM
Recent Opened Projects Check for S |nc
A.DC_G?fnGompensaﬁon.ioc MOK-ARM
Last modified date * 15/07/2019 6:12:26
Install or rem 3rc

ADC_OffsetCompensation icc
Last modified date : 22/08/2019 11:27:41

[ HRTIM Buck Boost.ioc

Single_CCM_Boost PFC_G4.ioc
Last modified date - 08/08/2019,8:56:30

¥ HEHBEBHH

Lennox_IHM003 iog New I
Last modified date - 2T0R/2019 15:52:40 for Ind
HG31.ioc File Nams |
Last modified date - 27/06/2019 14-16:0%
Files of Types |STM32CL|DEM?~' project Files (Joc) -_,|
Other Projects
| =y7 !

| 2.
[,, C:\..\STM32Cube\Repository\STM32Cube_FW_G4 V1.1.0\Projects\
s B-G474E-DPOW1\Examples MIX\HRTIM\HRTIM_Buck_Boost



STM32CubeMx

Graphic Design Representation

[ STMZ2CubeM HRTIM_ Buck_Boostioc: STM32G474RETs MUCLED- GATARE

- ] X
TARETx - NUCLEC-G4T4RE HRTIM_Buck_Boost.ioc - Pinout & Configuration GENERATE CODE

Pinout & Configuration | Clock Configuration Project Manager

-3
STM22 o i i
Ly File Window Help

dditional Safwars ~ Pinout
4 Pinout view

al -

=== System view

—a

System Core

Analog

Timers

tHgh Resoiufion Times

T Status:

TIMZ Parily disabled confiict with:

TIM3 FH3 mappsd with SYS_JTDG-SWO

Connectiity >
‘ ' ’ Multimedia >
life.augmented Secuiity - &4 L

\
i
C

ql S




STM32CubeMx

HRTIM Channels C & D

Pinout & Configuration | Clock Configuration
Addibonal Software ~ Pinout
HRTIM1 Mode and Configuration

System Corg 7
7 EXTERMAL EVENT LINES

Analog ? [ Mastar Timer Enable
Times A |Disable v |
Timers w
Timer B [Disable v |
H RTI M Timser C |TC1 and TCZ outputs active v | Timers C& D
LETIMA Timer D |TD1 arid TDZ2 putputs active N
RTC
T Timar E |D1sahle A
2 Timer ¥ Disable 3
Thes - D Configuration
Tina4 ez «
TIMB B
TIM7 A i
TIMR
TIN5
TIM16
TIMAT

‘ ,’ TiN20 ® FRTIM It ypt Configuration shire 1 |
— e e |

}Qunﬁgme the below parameters

life.augmented



STM32CubeMx

HRTIM — ADC - 2 injected input channels

Pinout 8 Configuration Clock Configuration

Additional Softwar ~ Pinout
ADC1 Mode and Configuration

5y |N2 & |N4 02 [INZ Single-ended <] '
/

I3 [Disable |
Pngiog VV M‘]INA Single-ended w |
- A
ADC1 - !
ADC2
ADC3
ADC4
ADCS
COMPA
compz
COMP3
COMP4 [Searn (GalE | € @ (@ |
e ggmg; ~ ADCs_Comman_Settings
@ COMPT Mode Indepandent mode
DACT o ADC_Settings
pAC? » ADC_Regular_ConversionMode. H
DAC3 ~ ADC_Injected_ConversionMode I n Iected
DAC4 Enable Injected Conversions Enable
OFAMPA MNumber Of Conversions 2 -
g;’:mg_ﬁ Extemnal Twr Source ) High Resolution Timer Trigger 2 event H RT I M Trl q q er 2
APAMPA Extemal Trgger Conversion Edge Trigger detection on the nsing edge
@ DPAMFS Ernable Injected Oversampling Diszble
@ OPAMPS Injected Conversion Mode MNane
' Injected Queue Injected Qusue Disable
v Rank 1
Tivers > Channsl Channel 2
Sampling Time 2475 Cycles
Connecihity » Offset Number No afiset
‘ - v Rank 2
” Muttimedia b3 Channgl Channel 4
Sampling Time 2475 Cycles
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STM32CubeMx

Project Manager — Keil MDK-ARM V5

[ STM32CubetX HRTIM_Buck_Boost.ioc™: STM32G474RETy NUCLEQ-GAT4RE - o X

Swsgm? File Window Help

RE > HRTIM_Buck_Boost.ioc - Project Manager

Pinout & Configuration Clock Configuration Project Manager ‘ Tools
Project Settings p A
Praject Name

IHRTIM_Buck Boost

Project Location
‘t Wsersijaffiery blauseriSTM32Cube'\Repositun\STM32Cubs FW_G4 W1 1.0\Projects\B-GATAE-DFOW 1\Examples_MIXOH|

Application Structure
iBaswc ~ | [] Do not genarate the main(}

Toolchain Folder Lacation .
| blauserSTM3ZCube\Rapository\STM32Cube FW_G4_ VA 1.0Projects\B-54745/ FOWT\Examples MIXIHRTIMHRTIM_Buck_Boost)|
{ |

Taelchain / [CE

Lys

life.augmented

[MOK-ARM V5 RED. -
\ MDK ARM V5

Lirtker Settings
Minimum Heap Size lox200 | V
Minimum Stack Size 400

Meu and Firmware Package
Mcu Reference

[ETM32G4TARETx

Firmwate Package Name and Varsion

[STM32Cube FW &4 V1.1.0

Use Default Firmware Location

| Birose




STM32CubeMx

FILE->SAVE PROJECT

[ STRM32CubeMX HRTIM_ Buck _Boostioc™: STM32Ga74RETx Ny |E0-Ga7aRe - [} X
3
§TM32 n File
CubeMX . i

AR | New Projec = RTIM_BE' 4l Boost.ioe - Project Manager GEMERATE CODE
Load Project ... N Cirkt

Pinout & Configuration Save Pm:eﬁ e . 2 ) SAVE P ROJ ECT Tools
|

Froject Semﬂl Save Project FSewrspaymm Pro,
Project Hami Close Project

HRTIV_Such Generate Report cit | N |
Project Loca) Recent Projects »
[CUsers\efl Exit cir bsitury\STM32Cube_FW_G4 V1 1.0\PrajectsiB-GATAE-DPOW1\Examples_MIAHRTIM |

Application Structura
iBasuc ~ | [Tl Da not generate the main()

Toolehain Faldar Lacation
I- blausen\STM3IZCube'RepositanASTM32Cube FW_G4 V1.1.0Projects\B-GATAE-DPOW \Examples MIKAHRTIMIHETIM Buc! kﬁBoasl\|

Code Generaiot

Toolehain /|BE

[MDK-ARM v5 v | B Genente Under Ruat
Linker Settings

Minimum Heap Size lx200 |

Minimum Stack Size A00

Mcu and Firmware Package
Meu Refarence
BTM326IHARETx |

Firmware Package Nams and Version
[STM32Cube FW_G4 V110 |

Use Default Firmware Location

| L | Browee

i

q
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STM32CubeMx

Generate Code

[ STM32CubeMX HRTIM Buck Boostioc™ STM32GA74RETx NUCLED-GA74RE

s @ File Window Help

RE > HRTIM_Buck_Boost.ioc - Project Manager

Pinout & Configuration Clock Configuration Project Manager

Project Setting:
Project Name
IHRTIM_Buck_Boost

Project Location
I Wsersijeffery blausenSTM32Cubs\Repositony\STM32Cube_FW_GA_V1 1 0\Projects\B-G47TAE-DECW \Examples_MIXY

Application Structure
iBaswc ~ ‘ [Cl Do net generate the main()

Toolchain Foldar Location
} Blausen8TM32Cube\Repository\STM32Cube FW G4 V1.1.0\Projects\B-G4T4E-DPOW 1 Examples MIXHRTIMMHRTIM _Buck Boosty

[T code Generation X

0 The Codeis successhully generated under C:/Users{jeffery blauser/STM3ZCube/Repository/STM32Cube: FW_G4 V1.1.0/Projects/B-G4TAE-DPOW Examples MIXHRTIMHRTIM _Buck Boost

Lipan Foldar

WMeu and Firmware Packags
Mcu Reference
{STM32G474RETx

Firmware Package Name and Version
[8TM32Cube FW 24 V1.1.0 ‘

Use Default Firmware Location

| ! | Birowse
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Keill MDK-AR

ol e

Keil Start up page

C:\Users\jeffery blauser\STM32Cube\Repositon\STM32Cube_FPW_G4_V1.1.04Projects\B-GA7AE-DPOW1\BExamples MEGHRTIMYHRTIM_ Buck_Boost\MDK-ARMYHRTIM Buck_Beast.uvproj
File Edit View Project Flash Debug Penpherals Tools SVCS  Window Help

O rETER
o

# vout Fae @-|e oo a-|E- A

| #8 | HATM_Buck_Boost

) Y Iﬁ‘l
/* BUCK cannot re-start uncil Vout capacisor is de-energized below this value */
§#define DE ENERGIZING THRESHOLD ((uinclé T)2500)

= 1 Project HRTIM_Buck_Boost
4 HRTIM_Buck_Boost

5 Application/MDK-ARM
BPF rt. stm3zodTde /* BOGST cannot he atarced if VIN value is above this threshold ¢/
| - stattup:simi2gtiens $dafine OVER VOLTAGE PROTECTION {(uinclg t)s000)
= 5 Application/User
e u ‘main.c /* This is the VOOR supply in mv */
1] stm3zghecitc Fdefine VDDR { (uintlé T)3300)
| ? u Stinddighos hakmspic /* Deadtime valnes for buck and bagst stagess */
5 Deoc Fdefine DI_RISING {(uintlé T)250) // 184ns
Ij readmetit #define DI FALLING ((uinclé ©)300) // 230ms

1[5 Drivers/BSP/B-GATAE-DPOW]
@) b_gd74e dpowt.c

i [ Drivers/STM32G4io HAL Driver
& 3 Privers/CMSIS

& cmsis

__Touint32 T Vin, Vout; /* velarile is here for dsbug convenisnce */

uintlé © Vin Display; //Vin Diplay made glebal to apppear in the Logic Analyzer
wintlé © Vout Display; //Vout Display made global to apppear in the Logic Analyzer

DemoState TypeDef DemoState:

/% USER TODE END BV 4/

/* Private fupction prototypes '
woid SystemClock Config(void):

static void MX GFIO Init (void):

static void MX HRTIML Init(void):

static void MX ADC1 Init (void):

/* USER CODE BECSIH BFE 4/

/% USER CTODE END FFE 4/

/% Private user code af
/* USER TODE BEGIN 9§ %/

/% USER TODE END g */
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Check the Device Pack

C:.l.lsaz-ﬁffflu BlavisenSTMILCube' Eepostan\STMEZCube FW G V1 IWProjectn B-GIE
File Edit WView Project Flash Debug Penpherals Tools  SVES  Window  Help

NBEAd@ 4 2B 20 |w= PRBAR EEER
@*E&ﬂ@ﬁ'ﬂ:l]ﬁ|AﬂEEamCumpematrun|_J$|ﬁ%*ﬁ?@|
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G4 Device Pack

Keill MDK-AR

ol e

Exit

<
Action ;?. left): Update Pack descriptions,

0., CO/ Cmsis_pack/Tepo/NEP LPCS4102_DFR.pdse

8 Pack Installer - m:\Keil_vSVARMIPACK — [m] b4
File Packs Window Help
| Device: STMicroelectronics - STM325474
bl | Bl | b
- X Pack | Action E)gscﬂpﬁonﬂ [
Summary = Device Specific [1Pack |sTME2 -
% @ Silicon Labs 906 Devices =l | = © Untodse | Kell -STM32G4XX DFP
@ ¥ Sinowealth 1 Device - Generic 40 Packs " —
E® SONK 50 Devices ® AlibabaAliOSThings |« (nstall A0S Thing  [Frere paer
g @ mﬂnelm[ﬂ,‘;ﬁ 1284 Devices 0 ARMEAMP __@ I_n_rtzll Software comNgnents far inter processor communication (Asymmetric MHMJ”
51 %2 STBIueNRG Series + Dewice # - ARMICMSIS Up ta date | CMSIS (Cortex Microcontroller Software Interface Standard)
& “W"i STBlueNRG-1 Series T Device i+ ARM:CMSIS-Driver Up to det= || CMSIS Drivers for external devices
51 %2 STBIlueNRG-2 Series + Dewice # - ARM:CMSIS-Driver Va... | € Up to date || EMSIS-Driver Validation
i %% STMB2FD Series 117 Devices i ARM:CMSIS-FreeRTOS Up to dat= || Bundie of FreeRTOS for Cartex-M and Cortex-A
5398 STMIIF1 Seres 95 Devices ) -ARM:CMSIS-RTOS Val... | €8 Up to date || CMSIS-RTOS Validation
%% STMAZF2 Series 45 Devices & ARMembedClient | @ Instsl ARM mbed Client for Corter-M devices
& T ‘STM32F3 Series 30 Devices T ARM:mbedTLS @ _Install ARM mbed Cryptographic and SSL/TLS library for Cartex-M devices
1% STM32FA Series 205 Devices & ARMzminar & Instal mbed 05 Scheduler for Cortex-M devices
5198 STM3IF? Seres 115 Devices ) -ARMETFM 73'.3" > _Install Trusted Firmware-M (TF-M] is the reference implementation of Arm's Platfor
34 Devices 1* EmbeddedOffice::Flex... &2: Install Flexible Safety RTOS
118 Deevices ) Keil:ARM_Compiler g Upto dete || Keil ARM Compiler extensions for ARM Campiler 5 and ARM Compiler
m »tg STMI2G437 74 Devices # Keil:iMXFT 105 MWP :52 Inetall= MNXP .V BT 105x MDK-Middleware examples and CMSIS-Drivers
& A% STM3ZGA] 8 Devices P &) Keil:Jansson _@‘ Install Jansson is a C library for encading, decoding and manipulating JSON date
i #% STMI2GAT 17 Devices /I [ﬂ Keil:MDK-Middleware | Upto dete | Middleware for Keil MDK-Prefessional and MDK-Plus
& 4% STM3ZGATS 25 Devices & AwlPlwlP _@_‘ Install IwlP is a light-weight implementation of the TCP/IP protocol suite
4 STMIzGTA ST M 32 G 474 _ M MDK-Packs:8WS laT ... &‘2’ Install= SDK for connecting to AWS IoT from a device using embedded C
& 4% STM3z6A83 9 Divices [ & MDK-Packs:Azure_|oT _@_‘ Install= Microsoft Azure IoT SDKs and Libraries
) fE sTM3zG4ed O Defeee \ [ — M MDK-Packs:cJSON &‘2’ Install Ultrslightweight JSON parser in ANSI C
& 45 STM3ZGBK1 Y Disiices N & MDK-Packs:Google lo... _@_‘ Install= Gaogle Cloud loT Device Connector
H 9 STM32HT Series 22 Devices # MDK-Packs:laT_Socket &‘2’ Install Simple [P Socket (BSD like)
= STMEZL(!S;EWE. 152 Devices & MDK-Packslsmn _@_‘ Install Minimalistic ISON parser/ izerin € _|
& "ES’ STM32L1 Series 81 Devices _vl il ) MNK-PacksBahn MM |05 incall= Frhedded MOTT /7«4 Chenf lThrrh--c _bl—
iCannot download file hittpuYmclxprasso.nip.com/emsis_pack/rap o/NXP. LPGﬂmSMTDFdesc Ilegal MIME type ‘text/fitml' ~
icannot download file bittpu/melxpresso fxp.com/emsis_pack/rep o/NEP.LPCS4018_DFP.pdsc lllegal MIME type ‘textzhiml
\Carnot download file httpuimelixpresse,mip.comfemsis_pack/iep o/AXP.LPCI4101_DFP.pdse: lllagal MIME type texthtm!
v
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Check the Options
Cillsziczsfeny blatisenSTMIAZCube Eeposton\STIME2Cule FW_G4 V1.T.0\Projectn B- G845

File Edit WView Project Flash Debug Penpherals Tools  SVES  Window  Help

‘j;ﬁgﬁ| S -G T ih"‘:-|.__zEff-'ff-;
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Clock speed and Debug

Options for Target 'OPAMP_PGA' b4
Device Tamel | Output | Lising | User | C/C+=| Asm | Linker | Debug | Utiites |
STMicroelectronics STM32GA74RET —c:& ‘ ' :
na] {M]—h}— IIT?"JT |Usedefmlt compiler version 5 :]
Opersiing system: | None = | il e Simion
System Viewer File: ¥ Uss MicroLIB T FigEadian
5T 47 4 svd 1. J Floating Point Hardware:  |Single Precision |
[T Use Custom File
- Read/Crly Memory Aras - Read /Wit Memory Areas
defsult offchip  Statt Size Statup | | defaut offchip St Size Mol
r Row: | | ool Rawmt | | r
r  Rom2: | | e I~ RAMZ | | r
I Rom3: | | ™ ™ RAM3 | | I
# [ROM1: |(xBOODD0  |0:80000 w W IRAMT. 020000000 [Bx20000 r
™ iRoMZ: | | © I IRamz. | | r
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ST-Link Debugger - Settings

Options for Target 'OPAMP_PGA' *

=

Device | Target | Output | Listing | User | C/C++ | Asm | Linker Debug | Utiies |

7 Use Smulstor  with restnclions Settings. I " Use: |ST—T_frkDebugga’
r Lhniﬁpﬁ:dln Hﬂﬂl-'ﬂme
¥ Load Application at Statup ¥ Rumtamain() v Laaupm:é % ¥ Run
Inialzation le: niiakzation Fie: | 1 .
| J = | I
- Restore Debug Session Seffings i~ Restore Debug Session Settings
¥ Breakpoints [+ Toalbtix ¥ Breakpoints v Toolbox
W Watch Windows & Performance Analyzer [# Watch Windows
W Memory Display ™ System Viewar ¥ Memory Display v System Viewer
CPL DLL Parameter Driver DLL.  Parameter:
|5ARMCM3.DLL I-HEM'AF‘ “MPL ISARMCM&DLL |.4u|Pu
Diglog DLL:  Parameter: Dislog DLL:  Parameter
|D_(-:m:1u_ o4 IT{IM.DLL fpma
[T Wam # outdsted Executable is loaded [ Wam f outdated Executable is loaded
Manage Component Viewer Descrption Fies .. |

‘W [ oKk | Cancel | Defats | Hep |
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ST-Link/V3 & TRACE

=

Cortex-M Target Driver Spup *
it TRACE |
— Debug Adapter & ce
ST-LINK/V3 > Unit: |SAREIT S x IDCODE | Device Name [ | o
V [ Shareable ST-Link SWDID|  2BAD1477  ARM CoreSight SW-DP (ARM Core Up |
0]
Serial Number: ﬂl
I 1e31375M % Automatic Detection ID CODE: I
Version: HW: |V3 FW: |V3-|3M2 € Manual Configuration Tz Meme |
[¥ Check version on start Add | Delete | Updatel IF: ler: | ap: [0
— Target Com
F‘ort:ISW 'I
Clock
’7F{eq:| 10 MHz Selec:ted:l 8 MHz
Performance Profile: IHigh Perf vI
— Debug
—Connect & Reset Options Cache Options Download Options
Connect: |under Reset v | Reset:|Atodetect ~ v| | | ¥ Cache Code [™ Verfy Code Download
¥ Resst after Connect [~ Stop after Reset ¥ Cache Memary [ Download to Aash
K 'l oK I Cancel Apply
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Core Clock & TRACE Enable (After)

Cortex-M Target Driver Setup *

=

Debug Trace | Flash Download | Pack |

Core Clock: | 170.000000 MHz F et 2. TRACE Enable

=l

— Trace Port — Timestamps \| — Trace Events
[Senal Wire Output - URRT/NRZ ~| | | W Enable  Prescaler:[1 | | | [~ CPl:Cycles per Instruction
SWO Clock P ler- IT " °C Sarping [~ EXC: Exception overhead

™ SLEEP: Sleep Cycles
¥ Autodstect | 3 :"
T Prescaler: | 102416 [~ L5U: Load Store Unit Cycles

SWO Clock: [ 11333333 Mz I~ Periodic Period: | <Disabled> | | [~ FOLD: Folded Instructions

[ on Data R/W Sample [ EXCTRC: Exception Tracing 3_ UnCheCk EXCT RC

—ITM Stimulus Ports | 11
31 Pot 2423 Pt 1615 Pot 8 7 Pot O
Enable: |500008000 [T T T T T T T [T TTT T T T M TTTTTIT T 4. Uncheck all but 15
Prvilege: [(<00000008 Pot31.24 ¥  Pot23.16 [ Pot 15.8 [ Pt 7.0 [~
— Advanced settings

[ Ignore packets with no SYNC
[~ Owverwrite CYCCMT

<7l N
,’ 5. OK )[Tl Cancel Apply
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Build

Collseissisfiany Blausen STMI2Cubd Bepositan,\ STIMBZC uke PN

= VLW Projectn B-GS 5

File Edit WView Project Flash Debug Penpherals Tools  SVES  Window  Help

N5a0|La@lace-[rrrnEEEn
‘@* h- @' = T _* 4:5 %I

] mainc |

Jﬁf | ADC GamEumpematrunLJ

Praject /\ H

I—.-ﬂ'-ﬂln T TR ST

e A

Build Cutput

Program Size: Code=15028 RO-data=e04

EW-data=92 ZI-data=1428
FromELF: creating hex file...

EIRTIH_Buc‘.}c_BDD31:‘\HRTIH_Bu::.}c_BDDs1:.hex: Warning: Q9531W: Your license for feature Eeil will expire in 29 days
Finished: 0 informatiomn, 1 warning and 0 error messages.

‘ "HRTIM Buck BDDSEI"ILHRTIH Buck Boost.axf" - 0 Error(s), 0 Warningis).
'l Build Time Elapsed: Q0:01:33
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Load

Chllszisiz=fany blusen ST 2Cube! BEeposton\STIBZCubke FW G V1. 1.0WProjects B-GRE
File Edit WView Project Flash Debug Penpherals Tools  SVES  Window  Help
_‘lﬁgﬁ|i _lﬂ| ""|'|"|Fff??.'_'i1"7 == JE Js

© [F B . e
"Fri{fei:f ZX ﬁ H ]Jm [

i T T TR TR R -

Build Output

#eion X Contents mismatch at: 08001860H (Flash=38H Required=C5H)

Contents mismatch at: 0800182&l1H (Flash=46H Redgquired=FEH)
Contents mismatch at: 03001262H (Flash=FEH Reguired=38H)
Q Error: Ffa:Sh[;‘ﬂWl‘lh!&dfﬂ“E_l_i - “Cartex-mMa" Contents mismatch at: 080018e¢3H (Flash=F7H Regquired=00H)
Contents mismatch at: 0B001364H (Flash=BSH Regquired=&0H)

Contents mismatch at: 08300182&5H (Flash=FCH Redquired=&CH)
,’ Too many errors to display !

Error: Flash Download failed - ™"Cortex-M4™

life.augmented




&) Keil MDK-ARM
Options
Chllsziszefany blasen5TMIZCube Eeposton\ STMBZC Ul FW_G4 V1.1 WProjectn B-GI 5

File Edit WView Project Flash Debug Penpherals Tools  SVES  Window  Help
NBEAd@ 4 2B 20 |w= PRBAR EEER
@*E:l] Ey &2 :‘i:l Jﬁ| ADEEamCumpematrun|_J$| & 'Q" & @|
Proje AEN ) manc

|—|mﬂ'l.lnrlﬂ-'|"‘-
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Keill MDK-AR

ST-Link Debugger - Settings

Options for Target 'ADC_GainCompensation'
pti g ainlompenss

Device | Target | Output | Lising | User | €/C+| Asm | Linker Debug | Unities |

7 Use Smmulstor  with metctions Seffings I ¥ Use
[ Limit Speedto Hlﬁl-'['ﬁrne
[V Load Appiication at Statup [ Runtamain() ¥ Lo 1. dSetp W Run
| Af s ||]
- Restore Debug Session Seftings - Pestore Debug Session Settings
[V Breakpoiris ¥ Toalbox v Breakpoirts ¥ Toolbex
¥ Watch Windows & Perfomance Analyzer ¥ Watch Windaws

¥ Memory Display [ System Viewer

¥ Memory Display ¥ System Viewer

oPUDLL Parameter:

|5AF€MCM3.DLL |-HEM-AF‘ -MPU
Dialog DLL: Parameter:

|5ARMCM1DLL |.—MFU -
Dialog DLL: Parameter:

|D_€_1'IH_ULL [pCM4
[T \Wam & mutdated Executable is loaded

|T{ZM.DLL [pCM4
[ Wam i owtdated Executabls is loaded

Manage Companent Viewer Desorption Fles . |

Cancel | Defauts |

ol e
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Keill MDK-AR

Flash Download — Add

Cortex-M Target Driver Setup

Debug I Trace Fash Download | Pack I

— Download Function

4/\ & ¥ Program

RAM for Algorithm

LoRp  ©
% Era 1 rz v Verfy &art:l[h:ZMIlIl] Size: |0x1000
" Do *l | Resetand Run
— Programming Algaritt
Description | Device Size | Device Type | Address Range I
STM32G4xx 512 Single Flash B2k COn-chip Flash 08000000H - 0BO7FFFFH
Start:l Size:

Add I Femove |

o]

Cancel

Apply

ol e
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Keill MDK-AR

STM32G4xx 512 Dual Flash

Add Flash Programming Algerithm ot
Description | Flash Size | Device Type | Crigin | .-n.
STM32G4xx 512 Single Flash 512k On-chip Flash Device Family Package

STM3I2Gdo 512 Dual Fash 3 On-chip Flash Device Family Package

AMZ9 128 Flash 16M Ext. Flash 16bit  MDK Core

KaP5615UGA Dual Flash 64M Ext. Flash 32bit  MDK Core

LPC 184 3o MX25VB035F . am Ext. Flash SPI MDK Core

LPC18xx/ 43 S25FLO32Z 5P 4M Ext. Flash SPI MDK Core

LPC 180/ 430 S25FL0GL SP... am Ext. Flagh 5P| MDK Core

LPCAD /8 S25FL0O3Z SPIFI 4M Ext. Flagh 5P| MDK Core

LPCE460x MT250Q1L128 SPIFI 16M Ext. Flash SPI MDK Core

M29WE40FE Fagh am Ext. Flash 16bit MDK Core

MIMXET 105 EcoXiP Fash 4M Ext. Flagh 5P| MDK Core

RC28F640J3x Dual Hash 1EM Ext. Flash 32bit MDK Core

S25FL1285_WaC 1EM Ext. Flazh SPI MDK Core

S529GL064N Dual Fash 1EM Ext. Flash 32bit MDK Core

S29JL032H_BOT Rash 4M Ext. Flash 16bit MDK Core

SN M?H TNP Fash AM Fst Flash 1Rkt MK Cnirs i

Selected Flash Algorthm File:

m: Kl _v S ARMWP ACK Keil

TM3IZG4e_DFPY1.1. 0MCMSIS W Aash S TM32G 4w _512_Dual FLM

Add

Cancel

ol e




Keill MDK-AR

Remove Single Flash

=

Cortex-M Target Driver Setup >

Debug I Trace Fash Download | Pack I

— Download Function RAM for Algorithm
LOAD " Erase Full Chip ¥ Program
_Fi % FErase Sectors [V Verfy &art:lih:ZCH]]]]]] Size: 1000
(" Donot Frase [~ Reset and Run
| — Programming Algarithm
| Device Size | Device Type | Address Range

08000000H -

x 512 Single Flash 030
(:2000000H - 0807FFFFH

; On-chip Flash
512 Dual Flash

On-chip Aash

Start: I&D&]]IHII Size: |(= 00030000

Add Remaove I

life.augmented
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@ Keil MDK-AF

Load

M

ol e

Cillszisiz=Feny Blavsen STV 2Cube Eepostan\STIMEZCube FW_G V1. WProjectn B- G EE-DRLY

VES  Window  Help
Il""f'*=i ! ”‘*I?‘Effs'ﬂ,a

File Edit View Project Flash Debug Penpherals Tools

ﬁﬁnmfﬁawfﬂ

Y
Pt A i

— Jmﬁmﬁﬂﬂnﬂmr |] mainc |

% v

Build Qutput

Build Time Elapsed: 00:01:33

Load "HRTIH_Buc}c_BDDst\MHRTIH_Bu::}c_BDDst axft"
Eraze Done.

Programming Done.
‘,’ Verify CK.

Flash Load finished at
fe.augmented

18:38:15




Keill MDK-AR

=

Debugger

File Edit WView Project Flash Debug Peripherals Toaols SYCS  Window Help

rrrrEsr e eI T T vas@ke oo a-@ ]
@ﬂ@@ﬂﬂﬁmmmmmmUNﬁ%¢@@| AN
Prajec ﬁ“ﬂ| ]ﬁum|umn] q

I

vas @-jec
= i
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Keill MDK-AR

RUN — Operating as a Buck converter.

Crul)szre==temn Blaussn S T3 2Cu

File Edit Wiew Project Flash

=

™ e cdmg G2 ol i e
3 & — pl= I
NS 4 2@ BB i 0
== = . i r el _['L_H _1"..

ol 2@ B W 1 I orsy

| | piy
“ .
]
1 "_ :.I.:I
N
v a ¥ E.'lr
im e T




Keill MDK-AR

Press the Blue User Button for BOOST operation

=

ot L L)

n
b T =L

Lys
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LD3 blinks rapidly
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View Project  Flas
ﬁ|?| Status Bar
' Toolbars

III:@_I Project Window
f‘u ﬂ Books Window
¥ {} Funcions Window
£ [, Templates Window
% Saurce Browser Windaw
L =] Build Output Window
% Eror tist Window
|3 Find In Files Window
L5 command Window
IIE__y Disassembly Window.
L@ symbols Window
'] Registers Windaw
e Cali Stack Window
| Watch Windows
4 Memory Windows
Serial Windows
Analysis Windaws
Trace
System Viewer

Trunlbn Wim e rse

FMAC
FMC
FPU.
FLASH
GPIO
Hﬂnlm
12¢

LPTIMER1
MPU
NvIC
OPAMP

-

fogurstion——————————

gll peripherals, Ir

F BFGIN Init */

¥ ENO Init */

Keill MDK-AR

ADCH

There are zeros in
ADC1—-JDR1 & 2
which are the two
injected channel data
registers

Uh Oh

Property

H-|5R

+-|ER
'CR
-CFGR
-CFGR2
~SMPR1
~SMPR2
“TR1

-TR3

[
£
£
£
£
£
£
£
£
£
£
£
£
£
£
£
£
£
£
£
£
£
£
£

000006180
0

Ox0FFFO000
Ox00FFO000
Ox00FFO000
000000080




B-G474E-DPOWT

Schematic

Width Constrait [Pre
track width for V_II
|

5V from USB-C
IS available here.

Are JP1 pins 1 & BuckBoost VIN
2 jumpered IS connected to
together? Keep ADC1_IN2.

U S B_P D_V B U S 31610281118

in mind. —

Kesn nama 2

Lys

life.augmented



B-G474E-DPOWT

Schematic — Where do we find USB_PD VBUS?
Double Switch

Width Constraint [Pref Width =2 Smm  Min Width= Imm  Max Width = Smm)]

frack width from Here to VIN
USBPD VEBIS USB PD VBUS
20 |~ | v wi e = Jee
— \ X | | |
Q12 ( 4 .1.;) Q13
Q_ STLOP31IH

STLOP3LLH6

Diouble swiich

BuckBoost_USBPD_EN is
)52 | connected to PC3 of the
" micro.

< BUCKBOOST USBPD EN » BUCKEBOOST USBPD EN

Lys
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Keill MDK-AR

=

Check PC3 - VIEW—System Viewer—GPIO—-GPIOC

- _ |

1 t View Project Flash Debug Perf
;| V| status Bar

. Taatbars: »

|
i ]| Project Windaw

:ji‘@ Books Window
b {) Functions Window
£ (s Temptates Window
| 3@ Source Browser Window
H ] BuildOutput Windaw
I, % Error List Window
i & Find [n Files Window

]

G 1 | Command Window

=1

| Disassembly Window
Symbiols Window

il &

Reagisters Wind
Call Stack Wind] 3 .
Watch Windows

£

.ulloi'_[" 0. 5 F

Memary Windows
Serial Windows:

Analysis Windows

- w w w v

Trace
‘System Wiewer *
w2 Toofbox Window
[V| Perindic Window Update
life.augmented L

ADC
COMP
CORDIC

5 ndow  Help
EE )R
=R @-

(4}
E BEGIN Imit

E END Indic “f

The system
Config():

GPIOC output data

registers do not seem to
be configured so PC3 is
not being driven and the

MOSFETS are not
enabled by

BuckBoost USBPD EN

Uh Oh

GPIOC

Property
MODER
OTYPER
OSPEEDR
PUPDR
IDR
=--0ODR
ODR13
ODR14
ODR13
ODR12
ODRN
ODR1D
ODRY
ODRE
ODRT
ODRe
ODRS
ODR4
ODR3
ODR2
ODR1
ODRO

o

Value
0xF3FFFFFF

(
04000000
(00002000
00000000

=

_I—I—I_I—I—I_I—I—I_I—I_I—I—I_I—I“““




STM32CubeMXx ezm

Click on PC3—Choose GPIO_OutPut—System Core—GPIO

[ STM32CubeMi HRTIM_Buck Boostioc: STM32GATARETx NUCLEO-GATARE x

E—
st @ File Window Help n DY -k ¥ $77
CubeMX =

Pinout & Configuration Clock Configuration Project Manager
Additional Saftware v Pinoul
Qf ] @ GPIO Mode 2nd Configuration

:

Harme GATARETx - NUCLEQ-G4T4RE

System visw

£ Pinout view

DA

3 o Siamae 2
" =

IWDG
NVIC
RCC

HRTIMI_FLTZ

[ Show only Modified Pins

| P tiaie [Signalo—IGRID sutgu | P10 moo GPID Pulli. aximin o | Fast Made | Usor Label | Hadiied |
PAS na Low

fied
Output Pus. No pullupa Low nla LD2 [green
PC3 n'a Hiah Oltput Pis, . No pillup 2. Very High = s BUGKBOO..,

WWOG
Analog v

ADC2
ADC3
ADCA
ADCE
COMP1
COMP2
COMP3

comP4 BUCKBOOST_USBPD_EN
@ COMP5 o STM32G4T4RETX

COMPS LQFP64
@ coMPT ADCLINZ L
L DAC1
DACZ
DAC3
DACH
| OPAMP |(PEIC
OPAMP:
OPAMP; 4
OPAMP: .
@ P GPIO mode [Eutput Push Pul ~]
@ OPAMFS

HRTIM1_CHDZ

HRTIM_CHD1
HRTIM1_CHC2

HRTIM_CHE1

GPIO outpit leval [High -]

) 4

apct_a [

LD2 [green led] [

GPIO Pull-up/Pull-down [No pull-up and na pull-down ]

,’ Timers Masimurm atitput speed [very High v]
Gonnectiity] 5 ——— BUCKBOGST USEPD_EN \ @ i = & Q
5

fe.augmented | | |
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STM32CubeMXx em

Generate Code

[ STM32CubeMX HRTIM Buck Boostioc™ STM32GA74RETx NUCLED-GA74RE

s @ File Window Help

Pinout & Configuration Clock Configuration Project Manager

Project Setting:
Project Name
IHRTIM_Buck_Boost

Project Location
I Wsersijeffery blausenSTM32Cubs\Repositony\STM32Cube_FW_GA_V1 1 0\Projects\B-G47TAE-DECW \Examples_MIXY

Application Structure
iBaswc ~ ‘ [Cl Do net generate the main()

Toolchain Foldar Location
} Blausen8TM32Cube\Repository\STM32Cube FW G4 V1.1.0\Projects\B-G4T4E-DPOW 1 Examples MIXHRTIMMHRTIM _Buck Boosty

[T code Generation X

0 The Codeis successhully generated under C:/Users{jeffery blauser/STM3ZCube/Repository/STM32Cube: FW_G4 V1.1.0/Projects/B-G4TAE-DPOW Examples MIXHRTIMHRTIM _Buck Boost

Lipan Foldar

WMeu and Firmware Packags
Mcu Reference
{STM32G474RETx

Firmware Package Name and Version
[8TM32Cube FW 24 V1.1.0 ‘

Use Default Firmware Location

| ! | Birowse

Lys
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Keill MDK-AR

ol e

Main.c with new GPIOC code (you do not add this code)

601 1
602 GPIO InitTypeDef GPIO InitStruct = {0};
603
604 /% GPIO Ports Clock Enable */
€05 __ HAL RCC GPIOC CLK ENABLE ()
606 __HAL RCC GPICA CLK ENABLE();
607 __HAL RCC GPICB CLK ENABLE():
F=tuk=]
[La] f*Configure GPIO pin Output Lewvel */f
610 HAL GPIO WritePin(BUCKBCOST USBPD EN GPIC Port, BUCKBOOST USBPD EN Pin, GPIO PIN SET):
611
6l2 f*Configure GPIC pin Cutput Lewel */
613 HAL GPIO WritePin(LD2 GPIO Port, LD2 Pin, GPIC PIN RESET):
£14
615 /*Configure GPIO pin : BUEJ(BODST_USBPD_EN_Pin ®f
6lé6 GPIO InmitStruct.Pin = BUCKBOOST USEPD EN Pin;
617 GPIO InitStruct.Mode = GFIO MODE OUTFUT_ PF:
618 GPIO InitStruct.Pull = GPFIO NOPULL;
615 GPIC InitStruct.Speed = GPIO SPEED FREQ VERY HIGH;
620 HAL GPIC Init (BUCEBOOST USBPD EN GPIC Port, &GPIQ InitStruct);
621
622 f*Configure GPIO pin : LDZ Pin */
623 GPIO InmitStruct.Pin = LDZ Pin;
624 GPIC InitStruct.Mode = GPIC MODE OUTEUT_PP;
625 GPIO ImitStruct.Pull = GPFIO NOPULL:
626 GPIO InitStruct.Speed = GPIO SPEED FREQ LOW:
627 HAL GPIO Init(LD2 GPIC Port, &GPIC InitStruct);
628
‘,’ 629 |}

life.augmented



Keill MDK-AR

M

ol e

Build

Civllsziezaffeny blavisan\ STM22Cube BEepgositon\STRME2Cube FW G4 VI IWPrajectnB-GRE

File Edit WView Project Flash Debug Penpherals Tools  SVES  Window  Help

ﬁﬁﬂﬁli-:lﬁlf -"-I*--IFT:?.?lﬂ IE It

S i - | %&@@j
Prajet £\ ] maine

[ s =

kP o [

Build Cutput

Program Size: Code=15028 RO-data=c04

EW-data=5%2 ZI-data=1428
FromELF: creating hex file...

ERTIH_Buc'.}c_BDDst\ﬂRTIH_Buck_BDDst.hex: Warning: Q9931W: Your license for feature Eeil will expire in 28 days
Finished: 0 information, 1 warning and 0 error messages

‘,’ "'E[RTIH_Buc'.}c_BDDst\ﬂRTIH_Buck_BDDst.axf"’ - 0 Error(s), 0 Warningi(s).

Build Time Elapsed: 00:01:28

life.augmented



@ Keil MDK-AF

Load

M

ol e

Cillszisiz=Feny Blavsen STV 2Cube Eepostan\STIMEZCube FW_G V1. WProjectn B- G EE-DRLY

VES  Window  Help
Il""f'*=i ! ”‘*I?‘Effs'ﬂ,a

File Edit View Project Flash Debug Penpherals Tools

ﬁﬁnmfﬁawfﬂ

Y
Pt A i

— Jmﬁmﬁﬂﬂnﬂmr |] mainc |

% v

Build Qutput

Build Time Elapsed: 00:01:33

Load "HRTIH_Buc}c_BDDst\MHRTIH_Bu::}c_BDDst axft"
Eraze Done.

Programming Done.
‘,’ Verify CK.

Flash Load finished at
fe.augmented

18:38:15




Keill MDK-AR

=

Debugger

File Edit WView Project Flash Debug Peripherals Toaols SYCS  Window Help

rrrrEsr e eI T T vas@ke oo a-@ ]
@ﬂ@@ﬂﬂﬁmmmmmmUNﬁ%¢@@| AN
Prajec ﬁ“ﬂ| ]ﬁum|umn] q

I

vas @-jec
= i
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Keill MDK-AR

RUN — Operating as a Buck converter.

Crul)szre==temn Blaussn S T3 2Cu

File Edit Wiew Project Flash

=

™ e cdmg G2 ol i e
3 & — pl= I
NS 4 2@ BB i 0
== = . i r el _['L_H _1"..
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]
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Keill MDK-AR

Press the Blue User Button for BOOST operation

=

ot L L)

n
b T =L

Lys
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LD3 blinks rapidly




Lys
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Keill MDK-AR

Check GPIOC — PC3 and ADC1 injected data registers

Property Value

@ MODER  [lEtes s

w OTYPER [

m PUPDR [

4 DR

=] CDF
oo..,
OD..
oo...
Ob..
oo...
Ob..
ODRY
{DOR8
ODR?
{DORG
ODRS
OOR4
ODR2
-ODRZ
DDRI
ODRO

- §

EnEnEnEREREER : :

L

CUFR4
~JDR1
~JORE4

(haQ0000A DD
ChaD00001 34

ol e




Keill MDK-AR

Logic Analyzer — Vin & Vout — Buck Mode

=

—
|Setup.. || load ||| MinTime  MaxTme Grd Zoom | Min/Max |Updste Screen Transtion
[Save || || 0= [2938072s | 25 Ihllﬂft-llﬁﬁllkﬂll'uh‘ﬂﬂl||5tm IIEEHIIHHIIHMIIEﬂﬂﬂIITmll

21469542
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@ Keil MDK-AF

STOP Execution

E Chllszlsiz=ian Blavissn S TIMEECu
File Edit WView Project Flash

rrrreYi’
E IR
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STM32G4 mixed-signal
MCU workshop

Hands On:
CORDIC Hardware Accelerator

STM32 G4
‘ ’ ’ life.augmented




&) CORDIC: Main features

« 24-bit CORDIC rotation engine

» Trigonometric and Hyperbolic functions

Circular and Hyperbolic modes

Rotation and Vectoring modes

Programmable precision

Low latency AHB slave interface

DMA read and write channels

gmented



@ Cordic: Main features

+ Supported functions:
» Sine, Cosine: Vector rotation (polar to rectangular)
» Arctanangent, Modulus: Vector translation (rectangular to polar)
» Hyperbolic cosine
» Hyperbolic sine
» Hyperbolic tangent
* Natural logarithm
» Square root

* Fixed point signed input and output
* Q1.31 or Q1.15 format

- Performance improvement relative to software
"— » Sine and Cosine functions are typically 5x faster than software execution

fe.augmented



@ CORDIC - Precision

* Precision is dependent on number of iterations

Number of | Number
iteration

Max residual error

s e
4 1 e 27
8 2 77 27
Sin, Cos, Phase, 12 3 2" 2"
Mod, Atan 16 4 2 27
20 5 2 18 2-16
24 6 28 27



&

COR

Number of | Number

DIC - Precision

Max residual error

~ Maxresidualerror
g1.31 format | q1.15. format

Sinh, Cosh,
Atanh, Ln

Sqart

Lys

life.augmented

WN -0 Ok, WM

2-2
2-6
2-10
2-13
2_17
2-18
2-?’
2-14
2-19

2-2



@ CORDIC accelerator

Obijective:

» To show how to configure the CORDIC accelerator.

 Calculate the SIN and COS of angles with 6 cycles of precision.

 Enable the Event Recorder to measure the time for the CORDIC and ARM
Math Library functions.

 Display CORDIC results in the Logic Analyzer.

Lys

fe.augmented



CORDIC configuration =

* Open CubeMX project “CORDIC_SinCos_ DMA_Pert.ioc” file
- \labs\Cordic\CORDIC_SinCos_ DMA_Perf

Matrie . Date modified Type Size

Orrvers 8284/ 2018457 P Filetolder

Inc BRSS9 822 UM File folder

MBE-ARM B/20/2078 53 AM File folder

Src 82872019 822 B File folder
| .mxproject BAAR/IORID PM MXPROUECT File T KB
[ CORDIC_SinCos DMA_Perf.ioc B/2/2018332AM  10C File 5 KB

Lys
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- Expand “Computing”
Category

- Select “CORDIC”
« CHECK “Activated”

Lys

life.augmented

CORDIC configuration

[0 STM32CubeMX CORDIC_ SinCos_DMA Perf.ioc: STM22GATARE T

=
S"IIN kra .o File Window Heip

) CORDIC_SinCos_DMA_Perf.ioc - Pinout & Configuration >
Clock Configuration
Addtional Soltere

HC Mode and Corshguration

o]

System Core
Analog
Timsra
Consectty
Mulimizdia
Sacunty

Camguting

& Paratotor Settings | @

Middiewars

Uity Warning: This IF has no paramaters (o bo configared,

Project Manager

O Pinout vew

Syslim ew

L1
i
H

va




@ CORDIC configuration

- DMA Request is enabled
to transfer data in and out

elie 7 w*ﬁqﬂlmw
Of CORDIC CSFINC WRITE Memory To Penpheral
+ 32-bit Data Width (Word) pey—
Lyr



@ Additional Peripheral configuration

« JOYSTICK SEL: EXTI13 ¢ f il 5
$ POt aBLH B P : REEE

. : GPIO_Output - o
- PA15, PB1, PB5 and PB7 . e

» Serial Wire Debug with Trace (SWO): L =
- PA13, PA14 and PB3 -

LD3 [Ofangs Lad) ﬁ
(VESA
WREF+
VOO,
e
V5SS
VDD



@ Additional Peripheral configuration

L2 Mlede and Cordiguraiion
Sipvw Mode [Drabls -

« Timer 2: Debug Logic Analyzer

* Internal Clock Source = 170 MHz

» Counter Period = 17000

* 10 kHz timebase interrupt




Hands-On: CORDIC

 Validate “HCLK (MHz)” is set to 170

- T i T ¥

-IE::“-" hvirt

I:I| : -_ | e - 3 w§ 3 - i HELMH b BHS e, 0w
= ey aiad DO (MBEL

. E=
| p r ot Nk - Tu Corten Byshamm tormer [Miy)
L - > am f ll-l 118 |Fois Cores hoeh i

[ & ot
(=] | %, bEvm periharal thaihs (MHE)
-
T . Frans e
T ' T r!Il o 1y e} X1 IFB1w-I=h\|H¢;
| — — — — | SO

| i
ALCN e -
T gt 11 S XL ...I vy KPS perigiarE a8
o L Soure s | .__!'
B BC ) | R P
5 _ - rkdh T=%
la ':| 3 Lrped Bl Y et T i e AN s shmks L)
| o dd iy 1
';'I Ll i " 2 B
[u} >
| | - | ue [P,
i - 1 .___' —
L | | | . . | . ’ L |
- | = | e — e - .I -
g - .
= . ‘ L ]
- T RwE i o |
Ly — — -
- &

Lys
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@ Hands-On:; CORDIC

- Generate Code

/

- x|
v oy x &Gy

GENERATE CODE

Tools

* Open Project in MDK-ARM

|
‘ o The Cods s successiully gunprated under COSTASTRMI2GU seminarnbe/C ondi =
|




Hands-On:; CORDIC

aAnglesCordic - Array of angles for CORDIC Q1.31 format (Line 57)

56 /* Array of angles for CORDIC Ql.31 format, regularly incremented from O to Z%pi */
57 static int32_t alnglesCordic[ARRAY SIZE] =

58 {
59 Ox00000000, Ox04000000, Ox08000000, O0x0CO0Q0000,

aAnglesLib — Array of angles for ARM Math library (Line 78)

77 /* Array of angles for arm math library Q1.31 format, regularly incremented from O to Z%pi */
78 static int32_t alAnglesLib[ARRAY SIZE] =

78
80 Ox00000000, 0x02000000, 0x04000000, O0x06000000,

aRefSin & aRefCos — Array of Sin & Cos result reference (Line 99 & 120)

88 /* Array of reference sines in Q1.31 format =/ 118 /# Array of reference cosines in Ql.31 format */
99 static int32 t aRefSin[ARRAY SIZE] = 120 static int32_t aRefCos[ARRAY S5IZE] =

100 6 - - 121 51

lDlL|:-| 0x00000000, OxOCSBD3SE, Ox18FE8BE3C, Ox25280CSD, 12?-I]:_| 0x80000000, OxTF62368F, Ox7TDSASF3F, OxTATDOSSBE,

aResults — Array of calculation results (Line 142)

140 H/* Array of calculation results in Q1.31 format.
141 Will contain alternatively Sine and Cosine of inmput angles =/
142 static int32_t aResults[2 * ARRAY S5IZE];

Lys

life.augmented



CORDIC configuration

- Sine calculation function (Line 219)

* 6 cycles of precision (Line 220)
217 /* USER CODE BEGIN 2 */
218 JS*%#%#-2- Configure the CORDIC perlpueral FEEFEEEEEEEEE RS

. 219 sCordicConfig.Function CORDIC FUNCTION SINE:

° NO Scallng (Line 221) 220 sCordicConfig.Precision = CORDIC PRECISION 6CYCLES;
221 sCordicConfig.Scale = CORDIC SCALE 0:
222 sCordicConfig.NbWrite = CORDIC_NBWRITE_ 1:

. 223 sCordicConfig.NbRead = CORDIC NEREAD 2;
¢ One |nput angle data (Line 222) 224 sCordicConfig.InSize = CORDIC_INSIZE 32BITS;
. _ 225 CordicConfig.OutSi = CORDIC OUTSIZE 32BITS;
- Q1.31 format for input data (Line 224) SroreReiantRg.TaEetes - -
[ J

Two output data (Sine and Cosine) (Line 223)
- Q1.31 format for input data (Line 225)

Lys
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CORDIC configuration

226 || (3R 3Y Celculavion using CORDIC B IINiisaisssy/

@ Step - O 247 case

24_5 for {nime32 ¢ i = &7 1 < LOOP NB: i4)
- Calculation made with CORDIC f;ga ¢
23% {* Start calculstion of sincs in DMA mode ®

. .
Slmple Ca” tO ESZE if QHAL CORDIC Calculate [MA|(sihcordic, alngleaCordic, aRegults,

25 ARRRY SEZE, CORDIC DMA DIR IN OUT)| != HRL O
HAL_CORDIC_Calculate_DMA = SR L Bl )

255 /* Brow

25E Error

237 }

258

272 S Ceiculacion usine ammomath library HEEEHEHEHEHHS/
273 cass L:
¢ Step = 1 274 for fii_i_ntSZ_t i= G; 1 < EODB NB: 1+$)
_ _ . 2751 (
+Calculation made with ARM Math library 278
277 G‘:: {uint32 £ 3 = G; 3 < ARRAY SIZE; 3++) )
+ Lines 277 through 283 are called to 278 i {
279 /* Calcunlate sine */
aRegult=s[2*3] = arm sin g3l (afnglesTib{3});

perform same CORDIC operation 3:2
282 /" Calcmlate coains Y/
283 aResults[(2*3) + L] = arm gos. g3l (aRknglesLib{3l]):

284 ( )

285 |

Lys
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Enable Debug Trace

Yisw Pf'j_:jf-l_:t Flash Debug Peripherals Tools S5V0S Winds

= | Mew |Wision Praject.,
“ . A Mew Multi-Projec Waorkspace..,
Open “Options for Target Gpen Broject..
‘CORDIC_SinCos_DMA_Perf’  joecor  “osfroee
..., window. CORDIC,  Export
Appl Manage

aefect Dienes Tor Iarget. ..

El

Rembyes ltem

| aﬁ{ Options for Target 'CORDIC_SinCos_DMA_Perf".,

#|
i B

Switch to “Debug” tab

Jptions for Target 'CORDIC_Sin

Click *Settings” DUNON T et ams e L sin | b s ot
" Use Simulator  with restactions Settings ‘ * lse: ]SW‘ Settings !l

[T Umit Speed to Feal-Time

¥ Load Application al Startup V¥ Burtomainf) ‘ W' Load Application at Startup V' Ruri to main



Enable Debug Trace

Cortex-M Target Driver Setup X

SR - S

Core Clock: | 170.000000 MHz ¥ Trace Ensble

Y [ iece T _Jy | Timestamps Trace Events
/ [Seral Wire Outpt - UART/J#P - | | | ¥ Enable  Prescaler [T w| | | I CPL:Cycles per instruction
- Set “Core Clock” = 170 SWO Gk — || T BXC Bceston overread

: I~ SLEEP: Slesp Cycles
M HZ WV Autodetect Prescaler [1024°16 « ™ L5U: Load Store Unit Cycles

_ 11.333333 MHz [~ Periodc Perod: | <Disabled> | | [~ FOLD: Folded Instructions

/ ™ on Data R/AW Sample ¥ EXCTRC: Exception Tracing
- Click “Trace Enable” [

Pot 2423 Pot 1615 Por 8 7  Pord b
Enable: [IxFFFFFFFF FWWFFTF Wiviviviviviviv viviviviviviviv VIviviviviviviv

check box Priviege: [(x00000008 Pot31.24 W Por23.16 Pot 15.8 [ Pot 7.0 [
~Advanced seitings -

[ Ignore packets with no SYNC
[~ Overwnite CYCCNT

- Switch to “Trace

WO Clock:

IS7;
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Enable Debug Trace

Cortex-M Target Driver Setup x
Debug Trace IFIash Downloadl Pack I
. “ .
¢ D|Sab|e Execeptlon Core Clodc:l 170000000 MHz ¥ Trace Enable
I » \ — Trace Port — Timestamps ~ Trace Events ——————————
TraCI ng wlyire Output - UART/NRZ ﬂ ¥ Enable Prescaler: I'I 'l [™ CPI: Cycles per Instruction
° UnCheCk BOX SWO Clock Prescaler:

[~ EXC: Exception overhead
— PC Sampling

[~ SLEEP: Sleep Cycles
Prescaler: [1024'16 | [~ LSU: Load Store Unit Cycles
[ Periodic PormmrgDi = T H S PR R .

[~ EXCTRC: Exception Tracing

¥ Atodstect |

SWO Clock:l 11.333333 MHz

[~ on Data R/W Sample

—ITM Stimulus Ports

k) Port 24 23 Port 16 15 Port g 7 Port 0
. EnabIE:lﬂxHHHH Irrardrardrdrd ralrarararara rard vl rara rara vl A
- Click “OK” to close Setup ~ Privilege: [0:00000008 Pot31.24 ¥ Pot23.16 [©  Pot15.8 I~
window

Port 7.0 ™
Advanced settings
lgnore packets with no SYNC
[~ OVewitg CYCCNT

Lys
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Apply




Expand “Compiler”

Enable Event Recorder

Click on Manage Run-Time Environment " [T % Wanage Run Time Environment

(&) @&

Select Software Components for the
project

Enable “Event Recorder”

Manage Run-Time Enviranment

Check Box

Click “OK”

Lys
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Software Companent Sel. Variant Version  Description
w € Board Support | STM32G474E-EVAL | 1,00 'STMicraelectror
i CMSI5 | I Cortex Mrcmcu
& @ CMSIS Driver I I | Unified Device [
=% Compier ARV Compier |10 | Complls e
¥ Event Recorder —_— @ :DAP 1.4.0 | Event Recarding
a- e ~ | esesioow
i Q Cevice ETM}ECubEMK | 1.0.0 _F'r:rLEhEraF CFG
@ File Systemn MDK-Plus V16110 | FileAccessonv
w Graph:cs MD‘[{ -Plus ;':5455 UseE Interface o
it ‘0' Metwark ME}K Plus iv TG [Pwd orkine
= Uss 'MBK Bins ;:_}EH{! "I U8B Communic




Enable Event Recorder

. ) i = i Application/User
* Open “main.c” under Application/User folder il L] maine

24 /* Private includes --—————————-————————-

. 25 J* USER CCDE BEGIN Includes */f
¢ Llne 27 Add (uncomment) 26 #include <arm math.h>
. “ 27 #include "EventRecorder.h"
#include “EventRecorder.h 28 /* USER CODE END Includes */

* Line 191 & 192: Add (uncomment) 178 int main(void)

178 [-{
180 /* USER CODE BEGIN 1 */

EventReCOrderlnitialize(EventReCOrdA”, 1), 181 /% STM32Géxx HAL library inicializacion:

. 182 — Configure the Flash prefetch

EventRecorderStart()s 183 — Systick timer is configured by default as source of time bkase, but user
184 can eventually implement his proper time base source (a general purpose
185 timer for example or other time source), keeping in mind that Time base
186 duration should be kept lms since PPP TIMEQUT VRALUEs are defined and
187 handled in milliseconds basis.
188 - Set WNVIC Group Priority to 4
189 - Low Lewvel Initialization
190 “f
191 EventBecorderInitialize (EventRecordRll, 1):
192 EventBecorderStart ()

r 193 /* USER CODE END 1 =/

life.augmented



Enable Event Recorder

245 fiiidididiiiididd## Celculeticon using CORDIC $dissdidiisididissdisssc/
® dd 24T case O3
A (uncomment) Zag Tor {uime32 £ 1 = 07 1 < LOOF NB; 1++)
249 ] {
H . H . 250 £ Regord2 (0,4,1);
Llne 250' EventRecord2(05|’1 )’ 251_. }'?E:z'aifnca';;;;;lig of sines in OMA mode */
1 . 1 . 252 1T (HAL CORDIC Calculate DMA(fhcordic, aAnglegsiCordic, aResulgs,
Llne 258: EventRecordZ(O,l,Q), 253.£ ARPRAY SIZF, CORDIC DMA DIR IN QUT) != HAL OF)
254 [ [
255, [* Frocegsing Error ¢/
255 Error Handier();
25T - ¥
25z || EventRecords (3,1,2);
255
¢ Add (uncomment) z;g i.;ﬁ:*ﬁ######*# Calculation using arm math library ##F#F#Edsdess/
Line 276: EventRecord2(1,i,1); ol o (MIESEE R T r S ROOR SRS 1)
Line 285: EventRecord2(1,i,2); 276 EventRecord2 (1,1,1);
277 for (uint32 t j = 0; j < BARRAY SIZE; j++)
278 [ {
278 J* Calculate sine */
280 aResults[2*]j] = arm sin g3l (alnglesLib[j]):
281
282 /* Calculate cosine */
283 aResults[(2*]) + 1] = arm _cos_g3l (aknglesLib[j]):
284 | }
285 EventBRecord2(1,1i,2);
286 }

Lys
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» Click the “Build”

Hands-On: COR

, Build target files |~
2% R,

b

- “Start Debug” Session \

ar.\o XUl -y

| @) Start/Stop Debug Session (Ctil+F5)
Enter or leave a debug session

\DIC



Enable Logic Analyzer =

* On line 152, Right mouse click on “aCalculatedSinOutput” variable

151 /* Logic Analyzer variables */

| 152 static int32 t aCalculatedSinCutput = 0; |
153 static int3Z2 t aClalculatedCosfutput = 0;
154 int32 t aResults ptr = 07

- Move mouse over “Add ‘aCalculatedSinOutput’ to...”

. 113 I Go To Previous Reference To aCalculatedSinQutput’ Ctrl=Num -
* Click on “Analyzer

Add ‘aCalculatedSinOutput to.. L Watch 1
Insert Tracepoint at "aCalculatedSinOutpist’,.. » Watch 2
Eriable/Disabie Tracepoint Memory 1

™ Insert/Remove Bookmark Ctri=F2 s
Undo Ciri=Z Memoiy3
Redo Chri=Y Memory 4
Cut Clri=X Analyzer

Lys
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Enable Logic Analyzer =

* On line 153, Right mouse click on “aCalculatedCosOutput” variable

151 /% Logic Analyzer wvariables #/

152 static int32 t aCalculatedSinCutput = 0;
153 static int32 t aCalculatedCosCutput =
159 ints< T akesults ptr = U7

- Move mouse over “Add ‘aCalculatedCosOutput’ to...”

) B i Add 'dCaleulatedCosOutput’ to. L2 Wateh 1
¢ CI ICk On Analyzer inseriTracepointat aCalcpiatedCosOutput . ’ e
Enable/Disahle Tia=point Memary 1
T jnsert/Remove Bookmark Ctri=F2 MGy
€ Unde Ctri=Z i
Redo CrrE=Y nea g
h Cut CRit=N Analyzer

Lys
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View Event Recorder

Wiew Project Flash Debug Perj

. ’ II_iﬁ StatusBar
° G O to VI eW m e n U l Toalbars ]
EL?H Project Window

‘ Serial Windaws » rtﬁtl’c word MX DMA Indt|
J Analysis Windows 3 [fﬂj Logic Analyzer 1
i Trate F| E= Perfarmance Analyzst
13 . H b2
° SeleCt AnaIYSIS WIndOWS 3 System Viewer ¥| ¥ CuodeCoverate
‘:.g? Toalbox Window M system Analyzer
4|z| Perindic Window Update 1= Event Recorder
HI ITE | e Evﬂﬁsfﬂliﬁﬁﬁ
Ll L
13 b2
- Select “Event Recorder — G
Ensble [# o Mark lv| AllOperations || Stopped

Event Tirme (secl Component  Event Property Value

Lys
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Run the Project

* “Run” the project

« Capture trace data — Ell & 00
* Press “JOYSTICK_SEL” triggers 5 | )] Run (F5)
“CORDIC” or “ARM Math library” or Start code execution

« Green Led blinking
- Fast blink (CORDIC used)
« Slow blink (ARM Math Lib. Used)

— I VA
- “Stop” the project execution —  stop

Stop code execution

Lys
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« CORDIC results

Logic Analyzer =m

Min Time Max Tlrne_ Grid Zoom MinsMax | Jump ta

ad .
[soe. || oS [Tao5m15s [ 2mm |-- --I--| e T

are shown in
Logic Analyzer

33




Event Recorder =

‘Event Recorder x|
Events Captured Enable |7 H ' Mark: Ii All Operations L':'J Stopped- Missed 4523
° Event Number Event Time {sec) Component  Event Property Value
i 41819 |1.44499562 id=0x0000 | 300003 1 AF, (00000002 -]
« Event Time Stamp 41820 144500805 ' id=0x0000 | Ox0D0031B0, (00000001
Cme 144501337 | id=0x0000 | 0%000031 B0, x00000002
« Event Property _ 41822 | 144502308 _'j _'j'i:iz't:}abi}ub | OxDD0031B1,G+00000001T
e Id=0 (CORDlC) 41823 _|14454329§5 id=0x0000 _|ﬂ;ma1a1axmmm_
| 41824 | 1.4503989 _’j _’ji:&:mﬂm | 0x00003 182, 000000001
+ 1d = 1 (ARM Math Library) s 1w 04000 oowssnazoamom
41826 144505666 id=0x0000 | DxDD003TB3, 00000001
» Event Values A7 [1aas06ns |id=0:0000 | 00003183, 600000002
. qst | 41828 1507343 | id=0+0000 OxDD003TB4, 00000001
1st LOOp Number 41828 _|14454131Jzﬁ | | id=0x0000 _|ma1maxmmmnz_
. 2nd: Start(0x01) and End(0x02) of 41830 lmmmzﬂ 1  id=0x0000 lmgmﬁm1
: 41831 |1.44510062 id=00000 CxD0003185,0x00600002
array calculation 41832 155402708 id=0x0000 | 0xDOD0OSTF, x00000001
41833 1155493}92 |1d=0x0000 1&@5&@5#@:@0@&5002
CORDIC 6.84 us

‘— ARM Math Library 42.24 us
> /4
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CORDIC: Additional Notes

©

Use Cube Low Level driver to reduce HAL overhead

AN5325: Getting started with the CORDIC accelerator
using the STM32CubeG4 MCU Package

Keil Application Note 321: Event Recorder Debugging
with STM32G Cortex-M0O/MO+



STM32G4 mixed-signal
MCU workshop

Hands On:
Filter Math Acclerator (FMAC)

‘ ’ ’ life.augmented

STM32 G4




Tools

Systems Check

USB cable

B-G474E-DPOW1 Discovery Board
STM32G4 Family Cube Library
STM32CubeMx

Keil MDK-ARM




Filter Math Accelerator

G4 FMAC
« Multiplier (16x16) Internally connected to:
« Accumulator (24bit + 2bit) - DMA
« Address generation logic « AHB slave interface
 Input and Output Circular Buffers « NVIC

* FIR & IIR filters possible

» Dot product, convolution, correlation
» Does not stall the CPU

« 256 x 16bit local memory

 Built-in sequencer

» Runs at the System Clock speed



Filter Math Accelerator

G4 Adaptive FIR Filter
Figure 7. 531-tap FIR filter

x[n] p 7 | MO T L S ) p| 71 | X150
bI0] X b[1] b{2] 476&( b[49] —p-()i) b[50]
““““ +) +) vl

» FIR filter is a convolution of the signal with filter coefficients
« The number of coefficients determines the minimum notch size
‘7 « Calculating N coeffcients requires N*N operations

life.augmented



@ Filter Math Accelerator

G4 Adaptive FIR Filter - Quantities

« Filter Coefficients will probably be in floating point format
Coefficient conversion to 16 bit fixed point is necessary
Fixed point format is Q1.15
 Bits [0..14] represent fractional digits
« Bit 15is a sign bit
« Range =-1.0 (0x8000) to +0.999969482421875 (0x7FFF)
Proper design will keep the absolute value coeffiecients < or = 1
« |f not, all coefficients will need to be divided by the greatest coefficient
To convert floating to fixed point, the Floating Point Unit is used
« FPU takes 8 cycles per conversion
* 51 coefficients take ~408 clock cycles

Ly
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Filter Math Accelerator

Lab steps 1 of 6

This Hands On Lab illustrates noise cancellation using an adaptive FIR filter.

Figure 1. Gaussian noise with two-tone interferer

The experlment WI” be run on tWO Input frames ggg .................. — ................. Lo .................
m:g. ............. . ..... ........ ,,,,, ....... , ..... ............
- a gaussian noise with two tone interferers. G (L LR T U 0 L O ST .
g : : . . :
- DD U.l4 D.'a 1.I2 1.IE 2I 24

Frequency (Hz) w10t

- a gaussian noise with three tone interferers.

Figure 4. Gaussian noise with three-tone interferer

Create individual coefficient sets.

The result is a "whitened" noise.

0 i i i : i
‘ ” 0 04 08 12 16 2 24

Frequeﬁcy (Hz) <10*
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Filter Math Accelerator

Lab steps 2 of 6

« The FMAC peripheral will be configured to perform an adaptive FIR filter.
» There will be 51 feed-forward taps.

 The gainis equal to 0.

« The input and output thresholds are set to 1.

« The clipping feature can be enabled or disabled thanks to the compilation

switch CLIP_ENABLED in main.h.



@ Filter Math Accelerator

Lab steps 3 of 6

The FMAC peripheral is making the best use of its 256 x 16-bit internal memory.

The local memory is divided into three buffers:
- 0to 50: coefficient buffer;

- 51 to 150: input buffer;

- 151 to 250: output buffer;

- 251 to 255: unused.



Filter Math Accelerator

Lab steps 4 of 6
« DMA mode is used to transfer input data from memory TO the FMAC peripheral.
 DMA mode is used to transfer output data FROM FMAC peripheral to memory.

» The coefficient buffer contains the vector of feed-forward taps

« This is named the B buffer

* (size comprised in [2:127]; here, size N = 51 elements).

 This buffer is initialized during the configuration step in DMA mode.

gmented



@ Filter Math Accelerator

Lab steps 5 of 6

The size of the input buffer is the sum of:

- the size of the coefficient vector B (N = 51 elements);

- the size of the additional space D1 needed for throughput improvement
(minimum: 0; here, D1 = 49 elements).

The input buffer is filled during the preload step in DMA mode;
new values are added in DMA mode once the preloaded ones have been
consumed.

The size of the output buffer is the one of the additional space D2 needed for a
better throughput (minimum: 1; here, D2 = 100 elements).
The output buffer is read in DMA mode.

ST, P
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@ Filter Math Accelerator

Lab steps 6 of 6
STM32 board LEDs are used to monitor the example status:

- LED4 is ON when correct FMAC FIR resulis have been calculated.

- LEDS is blinking (1 second period) if an error is detected
in the FIR filter results or if there is an initialization or configuration error.

The filtered output is displayed in the Terminal I/O if the compilation switch
PRINT_OUTPUT is enabled in main.h.

Lys
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T STM32CubeMX Properties

Seourty Detals Previous Versions.
General Shorteut Compatibiity
m STM32CubeMX
Tammettype:  Application
Target location: STMIZCubsMX
Targst: [ M32C0be\ STMI2CUbeMX\STMIZCube MK 2xe” |
Statin: |"C,\ngfam Fll\STMmda!mrﬂm'\STMm|
Shortcut key- |Nnne |
Run: [ Mol window =
Comment:  |STM3ZCUbeMXx 530 |
| Openfielocation | | Changeleon. | | Advanced . |
| ok || Coneel

Start up

SafeNet {:t

Software license agreement l

ST Motor ControlSpK... v [l

Sticky Notes m

5TM32CubeMonitor-Power... F':'}L_

STM32CubeMX

Advanced Properties

[T | choose the advanced

[F1Run as admiristrator

sdministrator, while protecting
e

‘activity.

- | Riiny Iy sparats memary space

STM32CubeMx

Seitings

ST IPS4260L GUI

ST Motor Control SDK... ~

STMBCubeMX
STM32CubeMuenitor-RF

seProgramimer

Skype for Business 2016

ST Motor Contrel SDK...

5T Toolset

STM32CubeMonitor-Power

ST32EubeMonitor-UCPD

STM32TrustedPackageCrea...



STM32CubeMx

Splash Page — G4 Library Installed?

[ STM32CubeMX Untitled

i @

Diihahfy File Window Help

m Embedded Software Packages Manager

STM32Cube MCU Packages and embedded software packs releases

Releases Information was last refreshed less than ons hour ago.

Manage software installations
e MCU Fackiages

Dezcription

Insta fion
|

Check for STM32CubeiMX and embedded sofiware packa.
| STM32F7 )
CHECKIFOR URDATES
| > STM32G0
Install or remove embedded software packa
|¥  STM32G4 I I I R
nstall/Remove
: STM32Cuba MCU Package for STM32G4 Series 140 11.0
: STM32Cubs MCU Packaga for STM32G4 Series 1.01 104

Detalls

New multicore STM32MP1 Series
for Industrial and loT applications
AN
f \
(£

OpenSTLinux "l
|

From Lacal Fram Ut Rafrash Install Mow Remave hlow

Kys |
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STM32CubeMx

Splash Page

[ STM32CubeMX Untitled — u] x ‘

g o 1. File—Load Project [0 Load Project X

Look I || FMAC_Adaptive_FIR_AN5305 v| B @ s B
Existing Projects New Project Manage softwal
EVWARM
Recent Opened Projects Check for STI Inc
ADC_GainCompensation.ioc MOK-ARM
Last modified date - 15/07/2019 6:12:26 Src

ADC_OffsetCompensation ioc
Last modified date : 22/08/2018 11:27:41

Install or rem mm A&mﬁfﬂ_ﬁﬂﬁ-ﬁ

Single_CCM_Boost PFC_G4 ioc
Lasi modified dale - 08/08/2019 8:56:30

New m
for Indu

Lennox_IHMOO03 ioc
Last modified date * 27/08/2019 155249

File Namsa FMAC Adaptive FIR_ANB305 joc |
Files of Typas |STM32CL|D9MP~' project Files (Joc) ._,|

HG31.ioc
Last modified date - 27/08/2019 14:16:09

¥ HEBHBSBBHB

4

Other Projects

g —

‘W C:\..\STM32Cube\Repository\STM32Cube_FW_G4 V1.1.0\Projects\
waameres B-(G474E-DPOW1\Examples\FMAC\FMAC_Adaptive_FIR_ANS5305



STM32CubeMx

Graphic Design Representation

[ STM32CubeMX FMAC_Adaptive FIR_ANS305i0c STM32G4T4RET: - O *
= =

sm' @ ; - I £ x ky7

Ly, File Window Help A%y u ’ Y/

STMIZGATARETx FMAC_Adaptive FIR_ANS5305.ioc - Pinout & Configuration GENERATE CODE

Pinout & Configuration ‘ Clock Configuration Project Manager

Additional Safiware v Pinout
h £ Pinout view
i H

@
%
s

5= Systam view

System Core >

3
o

T ITMSINDD

ST ED

Analog >
Timers
Connectimity
Multimedia

Security

Comiputing

-

CORDIC
CRC

Middleware

1S7; - .

@ I @ @ & m < )
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STM32CubeMx

FMAC — 3 DMA Channels

Pinout & Configuration Clock Configuration

Additional Software v Finout

al FMAC Mode and Configuration

System Cor Activated p ==
Analog >
Timers > Canfiguration
Resat' Capfhguration
Connectivity >
. @ Param s | @ DNA Setlinns
Multimeadia ? |
DA Request
Securty ' FUACPRELOAD  DWATChamel1  MemoyToMemoy  Hah Preload
FMAC_WRITE DMAT Channel 2 Memoary To pharal High

Camputing < FMAC_READ DMA1 Channel 3 Pearipheral To Memory High

CORDIC

CRC
Middleware »
Lirlities 2 ~OMA Request Seitings

Peripheral Memory

‘W ode flemel V] o Increment Address

life.augmented Data Width Half Word ~ | ‘ Wod  ~]




STM32CubeMx

FMAC — 3 DMA Channels

Pinout & Configuration Clock Configuration |

Additional Software » Pinout

Q| v | : FMAC Mode and Canfiguration I
‘Bystem Care ACt|Vated

Analog
Timers 5 Configuration
Connectiity 7
- @ DA Sehtings
Multimadia ? i
SGCWFY i FMAC_PRELOAD OMA1 Channel 1 Memary To Memary High
- EMAC_WRITE |[FmAC_WRITE |Memory To Panpherai High W R |T E
Computing ¥ FMAC_READ DMA1 Channel 3 Penipheral To Memary ~ High
CORDIC
FMAC Y=
Middlewara ?
=
Utilities ?

DMA Request Settings

Peripharal Memiary

‘W o posmort s 0 Increment Address

life.augmented Data Witth Vord “| ‘ Half Word




STM32CubeMx

FMAC — 3 DMA Channels

Pinout & Configuration Clock Configuration
Additional Softwars v Pmout

FMAL Moda and Canfiguration

a v
-2 ;
S_yst,ern Core ACtlvated

Agtvatad

Analog 7
T 5 ] Configuration i
Connectinty b
| etting = @ DMA Seitings |
Multimedia > |
DMARaquest | Channel | Difection | Priarity ___|
‘Security ? FMAC_PRELOAD OMAT Channal 1 Memary To Memory High
] FMAC_WRITE DMA1 Channel 2 Memary To Peripheral ‘High
Computing N [FMAC_READ ~|BMA1 Channsl 3 Penipheral ToMemory  High R E A D
CORDIC
CRC

FMAC

Utilities N DMA Reqisst Settings
Pariphearal Memary
r’ Mode [Mormat v | Inerament Address [ Increment Add reSS
Data Width Miod ~ ~ ‘ Half Word  ~ |
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STM32CubeMx

Project Manager — Keil MDK-ARM V5

[ STM32CubeMX FMAC Adaptive FIR ANS305.i0c STM32GAT4RETx - O £4

¥ ‘ . o L
SE?I%M? File Window Help "353;"' n [ » ] ’ k Y/

GENERATE CODE

Project Settings
Project Name
[FMAC Adaptive FIR_ANG305 [ ]

Project Location
hﬁeﬁy blauser\STM32Cube\RepositanASTM32Cube FW G4 V1.1 0\Prajects\B-G4T4E-DPOW1\Ex | ":MAC|

Application Structure
iBasuc - | [_l Do not genarate the mainf)

Toolchain Faldar Lacation M
bsitory\STM32Cube_FW G4 V1.1.0\Projects\B-G4TAE-DPOW Y fmples FMACIFMAC Adaptive FIR_ANE305)
L

Toolchain / |BE

[MDK-ARM V5 < MDK-ARM V5
_— N

Minimum Heap Size [ax200 |
Minimum Stack Size 400

Meu and Firmware Package
Mcu Reference
[5TM32G474RETx |

Firmware Package Name and Varsion
K , l [STM32Cube FW G4 V110 |
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STM32CubeMXx e

FILE->SAVE PROJECT

[ 5TM32CubeMX FMAC_Adaptive_FIR_AN5305iac STM3

b

STM22 o File
CubeMX

New Projec

i Load Project ...  oriL

Pinout & Configuration

Save Project
Praject SemHI Save BErgies
Praject Narnfl Close S'WE.-1
[FMAC Adag Generate Report crin |
Praject Luca! Recent Projects d

Effery blauss Exit cirx W32Cube_FVW_G4_V1 1 D\Prajects\B-GATAE-DPDW \ExamplesiFMAC]

Application Structure

iBasuc v | [Tl Do not gensrate the main()

Teolehain Falder Lacation
hsitorny\3TM32Cube_FW_G4_V1.1.0\Projects\B-GATAE-DPOW \Examples\FMACIFMAC_Adaptive FIR_ANEI05)

Toolchain / |BE

[MOK-ARM V& v | [ Geneate Under Rt
Linker Settings

Minimum Heap Size lox200 |

Minimum Stack Size 400

Meu and Firmware Packags
Mcu Reference
[STM32G4T4RETX |

Firmware Package Name and Varsion
[STM32Cube FW 24 V110 |

Lys
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STM32CubeMx

Generate Code

[ STM32CubeMX FMAC_ Adaptive FIR AN5305i0c STM32GATARET =4
[¥3 . b
s @ - , T n k
a2 File Window Help (e (> I 4 1'S$73

Home 5 [ FMAC_Adaptive FIR_ANS5306.io¢ - Project Manager
Pinout & Configuration Clock Configuration Project Manager
Project Settings

Project Name
FVAC Adaptive FIR_ANE305

Project Location
ery hlauser 3 epositon, ube | ! ajects - \Ex
fery bl \STM32CuBe\R i STM32Cube FW G4 V1.1 0\Projects\B-G4TAE-DPOWTE: AFMAC

[T code Generation »

o The Codeis successhully generated under C:/Users{jeffery blauser/STM3ZCube/Repository/STM32Cube: FW_G4 V1.1.0/Projects/B-G4T4E-DPOWA/Examples/FMAC/FMAC_Adaptive: FIR_AN&305

iopen Foldar W Spean Projzct
Linker Settings

Minimum Heap Size lax200 | l X

Minimum Stack Size 400 2

Meu and Firmware Package
Mcu Refarence
[STMI2G4TARETx |

Firmware Package Namea and Version
STM32Cube FW 4 V110 |

Lys
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Keill MDK-AR

Keil Start up page

C\Users\jeffery blauser STM32Cube\Repositon\STM32Cube_ FW_GA4_V1.1.00Projects\B-G474E-DPOW1\EBamples\ FMAC\FMAC_Adaptive_FIR_AN5205\MDK-ARM\FMAC_Adaptive FIR_AM

File Edit View Project Flash Debug Perpherals Tools SVCS Window Help

iNBES| ) Al 20| «= PR AR Itz | @ watrorizc Fav| a-lec s a-|E A
& ) @ o - | evacadaptive Finansc A B R & 2 @)

i AH ) sutugsn ) maine | ) weaemets |

=75 Project FMAC_Adaptive FIR_ANS303
FMAC_Adaptive FIR ANS305
=5 Application/MDK-ARM
|11 startup_stm32g47decs
= 5 Application/User
@ [ maine
L] stm3Zgdecit.c
@ [ stm32gdoc hal_msp.c
L] readmetst
5 Drivers/BSP/B-GATAE-DROW]
@[] b_g#7ae dpowt.c
= 5 Drivers/STM32G30: HAL Driver
i 1] stm32gdi hal_gpio.c
i [ stm32ghechal_fmac.c
i) stm32géec_hal_tim.c
] stm3Zgdec hal_tim_ex.c
| stm3zgdic l_pwr.c
G L] stm3Zgdi Fial.c
@ [ stmaZgd hal_rec.c
G | stmiZgle Ral_rec se
@] stm3Zgdi_hal flash.c
1] stm32gdec hal flash exc
i | stm32gduchal_flash_ramfunc.c
1 1] stm32gdechal_sdi.c
i | stm32gdoc_hal_dma.c
i | stm3Zgdechal_dma_ex.c
i | stm32gdioc hal_pwric
G L] stm3Zgdic hal_pur_ex.c
@ [ stm32gdioc hal_cortexc
@ ] system stm32gdocc
& cmsis

< | Eal
Elproject | @ sooks | 1) Functians | [l Empistes |

]

yus
* @brier The application enctry point.
* @retvel int
L

inc main(void)

/* USER CODE BEGIN 1 */
/* STM32G4xx HAL library inicializaticn:
— Configure the Flash prefecch
- Systick timer is configared by defzult &s source of time base, buc user
can eventually implemenc his proper time base source (& gensral parpose
cimer for example or other Time ggurce), keeping in mind that Time base
durstion should be kspt Ims since FEE_TIMEOUT VALUES sre defined and
nandled in milliseconds basis.
- Set NVIC Group Friority to 4
- Low Level Initializaticn
i
/* USER CODE END 1 */

/* MCU Configuratic .

/* Reset of zll peripherels, Initislizes the Flash interface and the Systick. */
HAL Init(}:

/* USER CODE BEGIN Init */
/* USER CODE END Init */

/* Configure the system clock */
SyscemClock Config();

/* USER CODE BEGIN SysTnic */
f Ccnf_‘lgaue LED4 znd LEDS */
BSP_LED Init (LED4);
BSE_LED Init(LEDS);

/* Confignre unnsed LED2 and LEDS */
BSP_LED Init (LEDZ);
BSE LED Init(LED3);
BSP_LED OFf (LEDZ
BSP_LED OFf (LED3
/* USER CODE END SysTnic */

ol e
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Check the Device Pack

C:.l.lsaz-ﬁffflu BlavisenSTMILCube' Eepostan\STMEZCube FW G V1 IWProjectn B-GIE
File Edit WView Project Flash Debug Penpherals Tools  SVES  Window  Help
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G4 Device Pack

Keill MDK-AR

ol e

Exit

<
Action ;?. left): Update Pack descriptions,

0., CO/ Cmsis_pack/Tepo/NEP LPCS4102_DFR.pdse

8 Pack Installer - m:\Keil_vSVARMIPACK — [m] b4
File Packs Window Help
| Device: STMicroelectronics - STM325474
bl | Bl | b
- X Pack | Action E)gscﬂpﬁonﬂ [
Summary = Device Specific [1Pack |sTME2 -
% @ Silicon Labs 906 Devices =l | = © Untodse | Kell -STM32G4XX DFP
@ ¥ Sinowealth 1 Device - Generic 40 Packs " —
E® SONK 50 Devices ® AlibabaAliOSThings |« (nstall A0S Thing  [Frere paer
g @ mﬂnelm[ﬂ,‘;ﬁ 1284 Devices 0 ARMEAMP __@ I_n_rtzll Software comNgnents far inter processor communication (Asymmetric MHMJ”
51 %2 STBIueNRG Series + Dewice # - ARMICMSIS Up ta date | CMSIS (Cortex Microcontroller Software Interface Standard)
& “W"i STBlueNRG-1 Series T Device i+ ARM:CMSIS-Driver Up to det= || CMSIS Drivers for external devices
51 %2 STBIlueNRG-2 Series + Dewice # - ARM:CMSIS-Driver Va... | € Up to date || EMSIS-Driver Validation
i %% STMB2FD Series 117 Devices i ARM:CMSIS-FreeRTOS Up to dat= || Bundie of FreeRTOS for Cartex-M and Cortex-A
5398 STMIIF1 Seres 95 Devices ) -ARM:CMSIS-RTOS Val... | €8 Up to date || CMSIS-RTOS Validation
%% STMAZF2 Series 45 Devices & ARMembedClient | @ Instsl ARM mbed Client for Corter-M devices
& T ‘STM32F3 Series 30 Devices T ARM:mbedTLS @ _Install ARM mbed Cryptographic and SSL/TLS library for Cartex-M devices
1% STM32FA Series 205 Devices & ARMzminar & Instal mbed 05 Scheduler for Cortex-M devices
5198 STM3IF? Seres 115 Devices ) -ARMETFM 73'.3" > _Install Trusted Firmware-M (TF-M] is the reference implementation of Arm's Platfor
34 Devices 1* EmbeddedOffice::Flex... &2: Install Flexible Safety RTOS
118 Deevices ) Keil:ARM_Compiler g Upto dete || Keil ARM Compiler extensions for ARM Campiler 5 and ARM Compiler
m »tg STMI2G437 74 Devices # Keil:iMXFT 105 MWP :52 Inetall= MNXP .V BT 105x MDK-Middleware examples and CMSIS-Drivers
& A% STM3ZGA] 8 Devices P &) Keil:Jansson _@‘ Install Jansson is a C library for encading, decoding and manipulating JSON date
i #% STMI2GAT 17 Devices /I [ﬂ Keil:MDK-Middleware | Upto dete | Middleware for Keil MDK-Prefessional and MDK-Plus
& 4% STM3ZGATS 25 Devices & AwlPlwlP _@_‘ Install IwlP is a light-weight implementation of the TCP/IP protocol suite
4 STMIzGTA ST M 32 G 474 _ M MDK-Packs:8WS laT ... &‘2’ Install= SDK for connecting to AWS IoT from a device using embedded C
& 4% STM3z6A83 9 Divices [ & MDK-Packs:Azure_|oT _@_‘ Install= Microsoft Azure IoT SDKs and Libraries
) fE sTM3zG4ed O Defeee \ [ — M MDK-Packs:cJSON &‘2’ Install Ultrslightweight JSON parser in ANSI C
& 45 STM3ZGBK1 Y Disiices N & MDK-Packs:Google lo... _@_‘ Install= Gaogle Cloud loT Device Connector
H 9 STM32HT Series 22 Devices # MDK-Packs:laT_Socket &‘2’ Install Simple [P Socket (BSD like)
= STMEZL(!S;EWE. 152 Devices & MDK-Packslsmn _@_‘ Install Minimalistic ISON parser/ izerin € _|
& "ES’ STM32L1 Series 81 Devices _vl il ) MNK-PacksBahn MM |05 incall= Frhedded MOTT /7«4 Chenf lThrrh--c _bl—
iCannot download file hittpuYmclxprasso.nip.com/emsis_pack/rap o/NXP. LPGﬂmSMTDFdesc Ilegal MIME type ‘text/fitml' ~
icannot download file bittpu/melxpresso fxp.com/emsis_pack/rep o/NEP.LPCS4018_DFP.pdsc lllegal MIME type ‘textzhiml
\Carnot download file httpuimelixpresse,mip.comfemsis_pack/iep o/AXP.LPCI4101_DFP.pdse: lllagal MIME type texthtm!
v
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Check the Options
Cillsziczsfeny blatisenSTMIAZCube Eeposton\STIME2Cule FW_G4 V1.T.0\Projectn B- G845

File Edit WView Project Flash Debug Penpherals Tools  SVES  Window  Help
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Keill MDK-AR

Clock speed and Debug

Options for Target 'OPAMP_PGA' b4
Device Tamel | Output | Lising | User | C/C+=| Asm | Linker | Debug | Utiites |
STMicroelectronics STM32GA74RET —c:& ‘ ' :
na] {M]—h}— IIT?"JT |Usedefmlt compiler version 5 :]
Opersiing system: | None = | il e Simion
System Viewer File: ¥ Uss MicroLIB T FigEadian
5T 47 4 svd 1. J Floating Point Hardware:  |Single Precision |
[T Use Custom File
- Read/Crly Memory Aras - Read /Wit Memory Areas
defsult offchip  Statt Size Statup | | defaut offchip St Size Mol
r Row: | | ool Rawmt | | r
r  Rom2: | | e I~ RAMZ | | r
I Rom3: | | ™ ™ RAM3 | | I
# [ROM1: |(xBOODD0  |0:80000 w W IRAMT. 020000000 [Bx20000 r
™ iRoMZ: | | © I IRamz. | | r

life.augmented
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ST-Link Debugger - Settings

Options for Target 'OPAMP_PGA' *

=

Device | Target | Output | Listing | User | C/C++ | Asm | Linker Debug | Utiies |

7 Use Smulstor  with restnclions Settings. I " Use: |ST—T_frkDebugga’
r Lhniﬁpﬁ:dln Hﬂﬂl-'ﬂme
¥ Load Application at Statup ¥ Rumtamain() v Laaupm:é % ¥ Run
Inialzation le: niiakzation Fie: | 1 .
| J = | I
- Restore Debug Session Seffings i~ Restore Debug Session Settings
¥ Breakpoints [+ Toalbtix ¥ Breakpoints v Toolbox
W Watch Windows & Performance Analyzer [# Watch Windows
W Memory Display ™ System Viewar ¥ Memory Display v System Viewer
CPL DLL Parameter Driver DLL.  Parameter:
|5ARMCM3.DLL I-HEM'AF‘ “MPL ISARMCM&DLL |.4u|Pu
Diglog DLL:  Parameter: Dislog DLL:  Parameter
|D_(-:m:1u_ o4 IT{IM.DLL fpma
[T Wam # outdsted Executable is loaded [ Wam f outdated Executable is loaded
Manage Component Viewer Descrption Fies .. |

‘W [ oKk | Cancel | Defats | Hep |

life.augmented
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ST-Link/V3 & TRACE

=

Cortex-M Target Driver Spup *
it TRACE |
— Debug Adapter & ce
ST-LINK/V3 > Unit: |SAREIT S x IDCODE | Device Name [ | o
V [ Shareable ST-Link SWDID|  2BAD1477  ARM CoreSight SW-DP (ARM Core Up |
0]
Serial Number: ﬂl
I 1e31375M % Automatic Detection ID CODE: I
Version: HW: |V3 FW: |V3-|3M2 € Manual Configuration Tz Meme |
[¥ Check version on start Add | Delete | Updatel IF: ler: | ap: [0
— Target Com
F‘ort:ISW 'I
Clock
’7F{eq:| 10 MHz Selec:ted:l 8 MHz
Performance Profile: IHigh Perf vI
— Debug
—Connect & Reset Options Cache Options Download Options
Connect: |under Reset v | Reset:|Atodetect ~ v| | | ¥ Cache Code [™ Verfy Code Download
¥ Resst after Connect [~ Stop after Reset ¥ Cache Memary [ Download to Aash
K 'l oK I Cancel Apply
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Core Clock & TRACE Enable (Before)

Cortex-M Target Driver Setup *

I Debug Trace | Flash Download | Pack |

170 CereCock:[ 170000000 Mz ¥ Trace Enable TRACE Enable

I / — Trace Port — Timestamps L[ L= =y =i 133
| Serial Wire Output - UART/NRZ ~| | | W Enable Prescaler:lli =] | | I CPI: Gycles per Instruction
SWO Clock Prescaler:| 15 ~PC Sampiing L] Bxc: E“’E_ plion evethead
[~ SLEEP: Sleep Cycles
v Autodetect Frescaler;l‘lﬂz.q“lﬁ vl .
[” L5U: Load Store Unit Cycles
SWO Clock: [ 11333333 Mz I~ Periodic Period: | <Disabled> | | [~ FOLD: Folded Instructions
[~ on Data R/W Sample W EXCTRC: Exception Tracing
—ITM Stimulus Ports

M Pot 2423 Pot 1615  Por 8 7  Pot 0
Enable: |(xFFFFFFFF 72 U o ol o 7 o o v v v oo o o o o vl e e o o o v v

Privilege: Iih:l]]]]]I!B Port 31.24 ¥ Port 23.16 [ Port 15.8 [ Pot 7.0 [T
— Advanced settings

[ Ignore packets with no SYNC
[~ Owverwrite CYCCMT

Lys

QK I Cancel Apply
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Core Clock & TRACE Enable (After)

Cortex-M Target Driver Setup *

=

Debug Trace | Flash Download | Pack |

Core Clock: | 170.000000 MHz F et 2. TRACE Enable

=l

— Trace Port — Timestamps \| — Trace Events
[Senal Wire Output - URRT/NRZ ~| | | W Enable  Prescaler:[1 | | | [~ CPl:Cycles per Instruction
SWO Clock P ler- IT " °C Sarping [~ EXC: Exception overhead

™ SLEEP: Sleep Cycles
¥ Autodstect | 3 :"
T Prescaler: | 102416 [~ L5U: Load Store Unit Cycles

SWO Clock: [ 11333333 Mz I~ Periodic Period: | <Disabled> | | [~ FOLD: Folded Instructions

[ on Data R/W Sample [ EXCTRC: Exception Tracing 3_ UnCheCk EXCT RC

—ITM Stimulus Ports | 11
31 Pot 2423 Pt 1615 Pot 8 7 Pot O
Enable: |500008000 [T T T T T T T [T TTT T T T M TTTTTIT T 4. Uncheck all but 15
Prvilege: [(<00000008 Pot31.24 ¥  Pot23.16 [ Pot 15.8 [ Pt 7.0 [~
— Advanced settings

[ Ignore packets with no SYNC
[~ Owverwrite CYCCMT

<7l N
,’ 5. OK )[Tl Cancel Apply
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Build

Chllszisiz=fany blusen ST 2Cube! BEeposton\STIBZCubke FW G V1. 1.0WProjects B-GRE

File Edit Wiew Projet Flash Debug Penpherals Tools SVCS  Window Help
M da| 4 -_rlaa'.| -"—|~|-- |F:‘=,=.r_‘=.1-,‘~a| I iz
& e s R R3
prajet O\ Diesar|

I—.-ﬂ'-ﬂln T TR R R -

Build Output

Program Size: Code=787& RO-data=8972 EW-data=lle ZI-data=l13E804

FromELF: creating hex file...

EHRC_AdapEive_FIR_AN5305‘\FHAC_Adap1:ive_FIR_AH5305.hex: Warning: Q9931W: Your license for feature Eeil will expire in 29 days
Finished: 0 information, 1 warning and 0 error messages.

‘ 'mc_hdaptive_FIR_hNS:mS\FI-[AC_hdaptive_FIR_AHSSDE.axf" - 0 Error(s), 0 Warning(s) .
,’ Build Time Elapsed: 00:01:00

life.augmented
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M
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Load

Chllszisiz=fany blusen ST 2Cube! BEeposton\STIBZCubke FW G V1. 1.0WProjects B-GRE
File Edit WView Project Flash Debug Penpherals Tools  SVES  Window  Help
_‘lﬁgﬁ|i _lﬂ| ""|'|"|Fff??.'_'i1"7 == JE Js

© [F B . e
"Fri{fei:f ZX ﬁ H ]Jm [

i T T TR TR R -

Build Output

#eion X Contents mismatch at: 08001860H (Flash=38H Required=C5H)

Contents mismatch at: 0800182&l1H (Flash=46H Redgquired=FEH)
Contents mismatch at: 03001262H (Flash=FEH Reguired=38H)
Q Error: Ffa:Sh[;‘ﬂWl‘lh!&dfﬂ“E_l_i - “Cartex-mMa" Contents mismatch at: 080018e¢3H (Flash=F7H Regquired=00H)
Contents mismatch at: 0B001364H (Flash=BSH Regquired=&0H)

Contents mismatch at: 08300182&5H (Flash=FCH Redquired=&CH)
,’ Too many errors to display !

Error: Flash Download failed - ™"Cortex-M4™
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&) Keil MDK-ARM
Options
Chllsziszefany blasen5TMIZCube Eeposton\ STMBZC Ul FW_G4 V1.1 WProjectn B-GI 5

File Edit WView Project Flash Debug Penpherals Tools  SVES  Window  Help
NBEAd@ 4 2B 20 |w= PRBAR EEER
@*E:l] Ey &2 :‘i:l Jﬁ| ADEEamCumpematrun|_J$| & 'Q" & @|
Proje AEN ) manc
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Keill MDK-AR

ST-Link Debugger - Settings

Options for Target 'ADC_GainCompensation'
pti g ainlompenss

Device | Target | Output | Lising | User | €/C+| Asm | Linker Debug | Unities |

7 Use Smmulstor  with metctions Seffings I ¥ Use
[ Limit Speedto Hlﬁl-'['ﬁrne
[V Load Appiication at Statup [ Runtamain() ¥ Lo 1. dSetp W Run
| Af s ||]
- Restore Debug Session Seftings - Pestore Debug Session Settings
[V Breakpoiris ¥ Toalbox v Breakpoirts ¥ Toolbex
¥ Watch Windows & Perfomance Analyzer ¥ Watch Windaws

¥ Memory Display [ System Viewer

¥ Memory Display ¥ System Viewer

oPUDLL Parameter:

|5AF€MCM3.DLL |-HEM-AF‘ -MPU
Dialog DLL: Parameter:

|5ARMCM1DLL |.—MFU -
Dialog DLL: Parameter:

|D_€_1'IH_ULL [pCM4
[T \Wam & mutdated Executable is loaded

|T{ZM.DLL [pCM4
[ Wam i owtdated Executabls is loaded

Manage Companent Viewer Desorption Fles . |

Cancel | Defauts |

ol e
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Keill MDK-AR

Flash Download — Add

Cortex-M Target Driver Setup

Debug I Trace Fash Download | Pack I

— Download Function

4/\ & ¥ Program

RAM for Algorithm

LoRp  ©
% Era 1 rz v Verfy &art:l[h:ZMIlIl] Size: |0x1000
" Do *l | Resetand Run
— Programming Algaritt
Description | Device Size | Device Type | Address Range I
STM32G4xx 512 Single Flash B2k COn-chip Flash 08000000H - 0BO7FFFFH
Start:l Size:

Add I Femove |

o]

Cancel

Apply

ol e




Lys

life.augmented

Keill MDK-AR

STM32G4xx 512 Dual Flash

Add Flash Programming Algerithm ot
Description | Flash Size | Device Type | Crigin | .-n.
STM32G4xx 512 Single Flash 512k On-chip Flash Device Family Package

STM3I2Gdo 512 Dual Fash 3 On-chip Flash Device Family Package

AMZ9 128 Flash 16M Ext. Flash 16bit  MDK Core

KaP5615UGA Dual Flash 64M Ext. Flash 32bit  MDK Core

LPC 184 3o MX25VB035F . am Ext. Flash SPI MDK Core

LPC18xx/ 43 S25FLO32Z 5P 4M Ext. Flash SPI MDK Core

LPC 180/ 430 S25FL0GL SP... am Ext. Flagh 5P| MDK Core

LPCAD /8 S25FL0O3Z SPIFI 4M Ext. Flagh 5P| MDK Core

LPCE460x MT250Q1L128 SPIFI 16M Ext. Flash SPI MDK Core

M29WE40FE Fagh am Ext. Flash 16bit MDK Core

MIMXET 105 EcoXiP Fash 4M Ext. Flagh 5P| MDK Core

RC28F640J3x Dual Hash 1EM Ext. Flash 32bit MDK Core

S25FL1285_WaC 1EM Ext. Flazh SPI MDK Core

S529GL064N Dual Fash 1EM Ext. Flash 32bit MDK Core

S29JL032H_BOT Rash 4M Ext. Flash 16bit MDK Core

SN M?H TNP Fash AM Fst Flash 1Rkt MK Cnirs i

Selected Flash Algorthm File:

m: Kl _v S ARMWP ACK Keil

TM3IZG4e_DFPY1.1. 0MCMSIS W Aash S TM32G 4w _512_Dual FLM

Add

Cancel

ol e
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Remove Single Flash

=

Cortex-M Target Driver Setup >

Debug I Trace Fash Download | Pack I

— Download Function RAM for Algorithm
LOAD " Erase Full Chip ¥ Program
_Fi % FErase Sectors [V Verfy &art:lih:ZCH]]]]]] Size: 1000
(" Donot Frase [~ Reset and Run
| — Programming Algarithm
| Device Size | Device Type | Address Range

08000000H -

x 512 Single Flash 030
(:2000000H - 0807FFFFH

; On-chip Flash
512 Dual Flash

On-chip Aash

Start: I&D&]]IHII Size: |(= 00030000

Add Remaove I

life.augmented
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@ Keil MDK-AF

Load

K Collseisisfany blavise STMIZCube Eepostan\STMBZCuks FW G V1 LOWPrajectn B-GRIEE-LIPOA
File Edit WView Project Flash Debug Penpherals Tools SVES  Window  Help

_‘lﬁﬂﬁlf-;%|ﬂ (| 4w |r=fh’ﬁ*=|—=._—z I e | B &

e @
474005 | ] maine |

Build Output

Build Time Elapsed: 00:01:00

Load "FMAC Adaptive FIR ANS30S5\\FMAC Adaptive FIR ANS305.axf"
Erase Done.

Programming Done.

‘ Verify CH.
1!9.011,’ ash Los

Load finished at 10:4%9:3B
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Debugger

File Edit WView Project Flash Debug Peripherals Toaols SYCS  Window Help

rrrrEsr e eI T T vas@ke oo a-@ ]
@ﬂ@@ﬂﬂﬁmmmmmmUNﬁ%¢@@| AN
Prajec ﬁ“ﬂ| ]ﬁum|umn] q

I

vas @-jec
= i
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Keill MDK-ARM

RUN

Cillszlezstteny Blaussn S T 200

File Edit Wiew Project Flash

™ e cdmg G2 ol i e
3 & — pl= I
NS 4 2@ BB i 0
== = . i r el _['L_H _1"..

ol 2@ B W 1 I orsy
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&) Keil MDK-ARM
STOP Execution
KN Clhllszisisfany blavisen STIMIZCu
File Edit WView Project Flash Beyond lighting an
MBS E @] 4 2@ |make it mosinteresting
mer | = - {F 1)

Q|
i

Gy
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Debugger STOP to re-open the Editor

=

File Edit WView Project Flash Debug Peripherals Toaols SYCS  Window Help

rrrrEsr e eI T T vas@ke oo a-@ ]
@m@a@-mwAmmmmmum5%¢ﬁ>@| AN
Prajec ﬁ“ﬂ| ]ﬁum|umn] q

I

vas @-jec
= i
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@ Filter Math Accelerator

Recall - Lab steps 6 of 6

STM32 board LEDs are used to monitor the example status:
- LED4 is ON when correct FMAC FIR results have been calculated.

- LEDS is blinking (1 second period) if an error is detected
in the FIR filter results or if there is an initialization or configuration error.

The filtered output is displayed in the Terminal I/O if the
compilation switch
PRINT_OUTPUT is enabled in main.h.

Lys
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Keill MDK-AR

Finding main.h

1. Expand mai

n.c

=7 Project: FMAC_Adaptive_ FIR_ANS305 ]
=& FMAC Adaptive FIR_AN5305
=l L Application/MDK-ARM

= | Application/User

. Main.h

& startup_stm3ZgdTdocs

& ) maine

] ZToneMoiseh

_] 3ToneNoiseh

] b_g474e_dpowlh

] b_g474e_dpow]_canf.h

] b_g474e dpowl_srrnoh

L_'] cmsis armech

i cmsis_compilerh

L_'] méi';_ulzaﬁ_ipn.'h

i_] core_cmd.h

]
mpu_armv/.h

] stddefh

1 stdint.h

ol e
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113
114
115
116
117
118
115
120
121
122
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Keill MDK-AR

main.h about line 119

=

J* FMAC internal memory configuration: base address of the output buffer */
$define COUTPUT BUFFEE BASE COEFFICIENT BUFFER SIZE + INPUT BUFFER SIZE

J* FMAC intermnal memory configuration: size of the input buffer #/
#define OUTPUT BUFFER SIZE MEMORY PARAMETER D2

S* Print results to standard IO &/
Fdefine PRIHT_DUTPUT

S* USER CODE EWND Private defines #)f

Confirm #define PRINT_OUTPUT is not commented out



Keill MDK-AR

=

Check the Run Time Environment (green diamond)

Peripherals Tools 5SVES  Window  Help

| PRABAR|FEEEE S
EE_HEAMEUI.,Ii’i J;}#"?@‘
AE ) manc ] readmetdt ) man

Al

|s stdio enabled to support printf?

- L | [ = [ | W i 1 [ o



=

Keill MDK-AR

Complier — /O — STDOUT — Check box - ITM

Manage Run-Time Environment

Software Component

i+ " Board Support

w-g CMSIS

@ & CMSIS Driver

-4 CMSIS Driver Validation
@ & CMSIS RTOS Validation

life.augmented

& Compiler
¥ Event Recorder
= 4 |0
¥ File
¥ STDERR

¥ STDIN

3. ) * EE

Sel. . Varant Version  Description
i S5TM32GAT4E-EVAL 1.00 STMicroelectronics STM32G474E-EVAL Board:
| Cortex Microcontroller Software Interface Components
: | Unified Device Drivers compliant to CMSIS-Driver 5-_5 ecifications
AP (1,00 Fun AP| test for enabled drivers -
j j | CMSIS_RTOS Validation Suite
ARM Compiler [ 1.60 Compiler Extensions for ARM Cum_LErS and ARM Enm_pHiEf 3
|___IDAF Td-ﬂ |Event Recur:fmn and Coml.‘r::-nznt Viewer via ﬁeimn Access Port !'DAF'&
- Retarget Inpu it
II___lFrEe ISy:ﬂf:m L T_.Eﬂ |Use retargeting tuqethef_wit!;th; File System component
[ |Becsipoint  [9]1.20° |Stop program esecuion ata Bfcakpoiitwhe using STOERR
| | Breakpoint I ~|1.20 Stop program execution st a breakpoint when using STOIN
v [ 1.20 Redirect STDOUT to 3 debug output window using ITM
| E-I';EEEJ;‘I{ 2.0 . Stﬂp program execution ata hreakpmnt wbeﬁsr-n_g'l_!"f

4.




Keill MDK-AR

=

Debugger

File Edit WView Project Flash Debug Peripherals Toaols SYCS  Window Help

rrrrEsr e eI T T vas@ke oo a-@ ]
@ﬂ@@ﬂﬂﬁmmmmmmUNﬁ%¢@@| AN
Prajec ﬁ“ﬂ| ]ﬁum|umn] q

I

vas @-jec
= i

life.augmented
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Keill MDK-AR

View — Serial Windows — Debug (printf) Viewer

» Wiew Project Flash Debug Peripherals Tools SVCS

s EJ Status Bar
Toalbars
[i2] Project window
e &% Books Window
f {} Functions Window
L 1), Templates Window
8 Source Browser Window
e =1 Build Output Window
'& Errar List Window
(54 Find |n Files Wiridow
|§| Command Window
|@| Disassembly Window
i@ Symbals Window
|=| Registers Window
|2 Call Stack Window
Watch Windows
Memory Windaws

pleran|=

i B=&

L= |

- v

Analysic Windows:

:Traae 2

‘Systam Viewer
#* Toolbax Window

|_u.f | ‘Periodic Windaw Update

- v w

(3

e
L S

)

53 UART#|
3 uvarT#2
2 UART=3

3| Debug (printh) Viewer
= :

3

3.

ol e
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@ Keil MDK-AF

RUN — Values in the Debug (printf) Viewer

Crillszisi=femny bla st S TIMZ 2Cu

;FH'E 'Edl-'t ‘lirlm F’E}E[t Hﬂih Filtered output for frame 1

11461

14853

M| 4 a@d| ==
w2 @] O '

/\ FaTall Stack « Lotal | (¢ Debuag (printf] Viewer [>
—

life.augmented



Filter Math Accelerator

Recal - Lab steps 1 of 6

This Hands On Lab illustrates noise cancellation using an adaptive FIR filter.

Figure 3. 'Whitened' noise (frame 1)

— B0

The experiment will be run on two input frames: %fZZfﬁfﬁfﬁﬁﬁﬁﬂfﬁﬁfﬁffﬁfffﬁﬁff'ffﬁﬁﬁﬁﬁffffﬁffﬁfffﬁffffﬁffﬁf'ﬁfffffffﬁéﬁf]’ffﬁfﬁf
Em LI : | | TRl s A | |
- a gaussian noise with two tone interferers. ¢ [ T

Frequency (Hz) w10t

- a gaussian noise with three tone interferers.

Figure 6. 'Whitened' noise (frame 2)

m B0
Create individual coefficient sets. Bl
The result is a "whitened" noise shown here. "
z : : : : :
£ o | | | | '
m ’ e o Frequérﬁ:y{Hz) e : Xm%ﬁ

life.augmented



STM32G4 mixed-signal
MCU workshop

Hands On:
Dual Bank Flash
Live Firmware Upgrade

‘ ’ ’ life.augmented

STM32 G4




@ Dual Bank flash

Obijective:

« To show the application running from one bank and writing to the second
bank(Read-While-Write). Demonstrate the live upgrade possibility.

« Using a Terminal (TeraTerm) to send updated application binary file via the
Virtual Comm Port.

gmented



512 KB die Flash Organization

342
DBANK = 0 (Single Bank) 512 KB Flash (Cat. 3)
* 128 bits read access 4
0x0807 F000 — 0x0807 FFFF Page 127
ECC.: 8 bits per 64 bit double-word
4 Write protection areas
128 x 4KB pages
Page and Mass erase
0x0800 1000 — 0x0800 1FFF Page 1
0x0800 0000 — 0x0800 OFFF Page 0 (4KB) ]




512 KB die Flash Organization

343

DBANK = 1 (Dual Bank - Default) 512 KB Flash (Cat. 3)
* 64 bits read access 0x0807 F800 — 0x0807 FFFF 4
Read-While-Write (RWW)
ECC: 8 bits per 64 bit double-
word 0x0804 0000 — 0x0804 07FF Page 0 (2KB)

0x0803 F800 — 0x0803 FFFF Page 127 256 x 2KB pages
2 Write protection areas per bank
Page, Bank and Mass erase

0x0800 0000 — 0x0800 O7FF Page 0 (2KB) v




512 KB die Flash Organization

Active application executing from Bank 1

Using serial port to receive update
« Temporary storage in RAM

Write to BANK 2 area

Switch application execution to BANK 2

344

512 KB Flash (Cat. 3)

0x0807 FFFF

BANK 2

AL A
0x0804 0000 [AAE =S

0x0803 FFFF 256 x 2KB pages

0x0800 0000 Active App.



Hands-On: Dual Bank flash

Open the DualBank project in Keil MDK-ARM folder
* DualBank\MDK-ARM\DualBank.uvprojx

% DualBank.uvprojx

« Expand “Application/User” folder il
= Project; DualBank
« . y g =23 DualBank
* Open “main.c” file &[5 Application/MDK-ARM
- Initialize the Clocks, GPIO and Peripherals — = _‘"___I”F'““?""E'”’““f
ESEs maim,
* Main while loop (State Machine) W L] stm32ghe it
« Handles BANK 2 page erase @ L] stm32ghoc hal_msp.c

: @ O3 Drivers/STM32G4ix HAL Dri
- Handles BANK 2 page write E [ Drivers/ s HAL Driver

« Jump and Execute in Bank 2

ife.augmented



|IRQ Callback functions

¢ Timer 2 IRQ Ca”baCk(l—ine 481) 481 woid HAL TIM PeriodElapsedCallback (TIM HandleTypeDef *htim)
e 10 Hz period ::gz{ switch ( LD ptr )
484
« LD pir: Tracks LED to toggle {

« GPIO EXTI Callback (Line 509) 509 void HAL GPIO EXTI Callback(uintlé_t GPIO Pin)

. 510 4
» Detects rising edge of 511T if ( ( GPIC Pin == JOYSTICK SEL Pin ) && ( UpdateState == 0 ) )

JOYSTICK_SEL button

: UART RX Complete Ca”baCk 524 woid HAL UART ExCpltCallback (UART HandleTypeDef *huart)
(Line 524) 525 T{
S26 rx complete = 1;
» Signals that the USART Rx DMA 527 |}

has completed

Lys
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©

« JOYSTICK_SEL: EXTI13
- PC13

’ : GP1O_Output
- PA15, PB1, PB5 and PB7

- ST-LINK VCP: USART3
- PC10 and PC13

« Serial Wire Debug with Trace (SWO):
- PA13, PA14 and PB3

JOYSTICK SEL (R

i

kyy

STM32G474RETX
LaFP64

FEPPEERN . REEEERE

|

!

i
3
—
P

g
S
g




©

Peripheral configuration

« Timer 2: LED Dblink rate timer ————

/ l '-'n"-' SCEEE
- Internal Clock Source = 170 MHz o —

* Prescaler = 999

» Counter Period = 17000

* 10 Hz timebase interrupt

- TIM2 global interrupt Enabled

T 3
autgerelna d prainad Cksable
o ~ - < Trigget Output (TRGO) Parimetens
Lt MistesSlive Mode (MSM b1) Dks:able (Trigges inpesl iffect not delaped]
Trguer Event Selection TRGO F G bt T == 5

« Pulie On Compuwe { Comamaorn for Channel




Build the Project

* 1 * - i LOAD |

» “Build” project - Roeet @]Build(FT) |
5% g i Bunldtar;;e;tfnes

File Edit View Project Filash

- “LOAD” project to flash — S Hd X o@
Project

* Press the “RESET” button on the Discovery
« 4 LEDs blinking in rotating pattern.

Lys

life.augmented



Hands On: Dual Bank

° 1 ”
Launch “TeraTerm —

Tera Term:; New connection X
* Open “New Connection”
_ . OTCPHP Host: myhost.example.com
e Click “Serial” button .
History -
« Change Port to “STLink Vitual samite: O Tolnat [CP port#: 22
COM Port SSH SSHversion: 'SSH2
b CIICk “OK” O[her
col: UNSPEC
® Serial Port: | COM3: Intel(R) Active Management Tec -
COMT Intell Y Artive Manacon AT=T0 “Tadalate
oK Mﬁ:raelectl_'onics STLink Virt

Lys
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Hands On: Dual Bank

¥ COM3 - Tera Term VT

File Edit

Contrel Window Help

. . Terminal...
* Verify “Serial port..” Window..
Font...
« Baud = 115200 ot
 Data = 8 bit Serial port.. |
. _ Proxy...
¢ Parlty = none Tera Term: Serial port setup |
« Stop =1 bit
Port: COM42 v
« Flow control = none - ~ OK
Speed: 115200 >
Data: 8 bit v Cancel
Parity: none v
Stop bits: 1 bit v Help
Flow control: none v
\_ _/

Lys
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* Press “‘JOYSTICK_SEL” on

Discovery

« Send binary file in TeraTerm

Lys

fe.augmented

File > Send file...

Hands On: Dual Bank

¥ COM18 - Tera Term VT

File Edit Setup Contrel Window Help

Ready to receive BIN...

M COM18 - Tera Term VT

File |Edit Setup Control Window
New connection... Alt+N
Duplicate session Alt+D
Cygwin connection Alt+G
Log...

QImMImEen a
e |_
how Log dalog.
Send file...
Transfer >




- Select “DualBank2 LD.bin”
file
» DualBank\binary folder

« Check “Binary” Option

* Click “Open”

Lys

life.augmented

Hands On:

Dual Bank

Lok in: birany e
Marme:
DualBankd_LD

| DuaiBank2_LD.bin «

<

Q¥ i® &
Date modified Ty

W2Y2019959AM  Fi
8/28/20192:21 PM Bl

Flename:  |DuslBank2_LD bin

Fies of type: | A7)

Dphion
Enarv




TeraTerm will display programming status

O COM1B - Tera Term VT

File Edit Setup Control Window Help

eady to receive BIN. ..

BIN file received!

Executing in Bank 1 - Erasing Bank 2 Pages.
Programming Bank 2.

Programming Complete.

Press User Button to launch program in Bank 2.

Press “User Button” to launch program in Bank 2
« LEDs blink pattern has changed.



Dual Bank: Additional Notes

©

Push board “RESET” button to switch execution back to Bank 1
To select boot from Bank 2, set the BFB2 bit in the user option bytes

Reference Manual RM0440: STM32G4 Series advanced ARM-
based 32-bit MCUs

Section 3: Embedded Flash memory for category 3 devices

AN2606: STM32 microcontroller system memory boot mode



STM32G4 mixed-signal
MCU workshop

Hands On: CCM SRAM

‘ ’ I life.augmented
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@ Hands-On: CCM SRAM

Obijective:

1. lllustrate how to place functions in CCM SRAM.
2. lllustrate how to place files in CCM SRAM.

3. lllustrate how to place library modules in CCM SRAM.



@ CCM SRAM Advantages

« Tightly coupled to ARM Cortex core
« Zero wait state with deterministic performance
« Decrease execution time for critical task

« Minimal Interrupt routines latency when placed in CCM SRAM



&) CCM SRAM (functions)

- Hands-On: Place function in CCM SRAM
* Open the CCM1.ioc CubeMx project (double mouse click) [ ccmi.ioc

e Labs\CCM\CCM1\CCM1.ioc - _
© oy x Ly

+ Generate Code GENERATE CODE
[ Code Generation *
. Open ProjeCt —_— @ - code is succasshully generated under C:/STISTM32G4/1abs2/CCMICCMT
open ruaist | [ Open Projsct

i e .| Loao

G, W

- Build Project — e L2 Build (°1)

Build target files
Ky 2% ¢ "’

P P ™
life.augmented




CCM SRAM (functions)

« Define a new memory region for the CCM SRAM in the MDK-ARM
project scatter file

» Right mouse click on CCM1
» Select “Options for Taget ‘CCM1"...

Project g
= "% Project: CCMI
) - - X (5 ostors e o anr
@ L4 Application/MDK-ARM AGAGIGUP..
. Apploation/ User A Manage Projedt Items...
@ 4 Drvers/STM32G4e HAL Driver
4 [ Drivers/CMSIS OpenSuldiog
& cmsis {3 Rebuild all target files
[*] Build Target F7

=<

Show Incdude File Dependencies

Kys |

life.augmented



CCM SRAM (functions)

S | “Linker” b k3 options for Target ‘CCMT' X
elect "Linker ta Device | Target | Output | Listing | User | C/Ce+ | Asm I-if‘ﬂ“’f'lﬂ'eiwlUti*'i'-imll
y [ Use Memory Layout from Target Dialog X/0 Base: |
* Uncheck “Use T Make RW Sections Postion Independent R/O Base: [0x08000000
Memory Layout from ™ Make RO Sections Postion Independent VW Base [OC20000000
. ” [~ Deont Search Standard Libraries
Target Dialog R T O S duable Viamings |
- Select “Edit” to open
scatter file
Seater [CCMT\CCM 1 5ct 2 |-
» Click “OK”
Misc
controly
Linker i-cpu Cottex-M4fp "0 A
control  |-library_type=microlib —stnct —scatter "CCMTVCCM T sct”
m W
"I OK || Cancel Defauts | Help

life.augmented




&) CCM SRAM (functions)

* Place a new line after line 14 (RW_IRAM1 region)

 Define a new CCMRAM region with the following:

J
ER 0x10000000 0x00002000 { R ————
2 ; *** Scatvter-Loading Description File generated by uVision **=
ANY (Ccmram) i . SREseeisesiseniteniteeiientiesiissirentrenitenisandsaninening
5 LR IROM1 Ox08000000 Ox00080000 ({ : load region Size region
} € ER_EROH.E 0x08000000 0x00080000 { : load addre x
7 *.0 (RESET, +First)
8 ¥ (InRootSSSections)

a LANY (+RO)
10 JANY  (+X0)
il }

° Save CCM1 SCt flle 12 RW_IRAM1 0x20000000 0x00020000 { : RW data

i3 LANY (+RW +Z2I)

Lys
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&) CCM SRAM (functions)

“ . . ” : a8
- Expand “Application/User” folder "5 Prsect COM L
= CCMI
° Open “mainlc” flle — @ [ Application/MDK-ARM
= &3 Application/User
® SCFOll down to Iine 211 "[} L] main.c

# ] stm32gdio it.c

- Place the MDK-ARM keyword

210 _/* USER CODE BEGIN 4 =/
__attribute__ ((section (“‘ccmram”)))——{(2i1 __sccribute ((s=ction ("comsam®)))
add

- Place keyword above each function to
execute from CCM SRAM



CCM SRAM (functions)

 Place function to execute from CCM SRAM after __ attribute_ keyword

» Copy and paste “HAL_GPIO_EXTI_Callback” function from CCM lab code.txt to the
start of line 214

210 /* USER CODE BEGIN 4 =

211  acttribute ((section ("ccmram"}))

212

213
[21‘! void HAL GPIO EXTI Callback(uintlé t GPIO Pin) \

215 = ¢

216 if ( GPIO Pin == JOYSTICK SEL Pin )

217 H |

218 HAL GPIO WritePin (LD2 GPIO Port, LD2 Pin, GPIO_PIN RESET);
\219 HAL GPIO WritePin(LD3 GPIO Port, LD3 Pin, GPID_PIH_RESE’I‘])

Lys
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CCM SRAM (functions)

|} Build (F7)

* “Build” prOjeCt Build target files

@) Start/Stop Debug Session (Crl+F5)

- “Start Debug” Session Ermber o i 2 Gebing SENIoh

 Place breakpoint in “HAL_GPIO_EXTI_Callback” (Line 216)

214 wvoid HAL GPIO EXTI Callback(uintlé t GPIO Pin)
| 215 (4
®» 216 “ if ( GPIO Pin == JOYSTICK SEL Pin )

217

{ Bl Run (F5)

Start code execution

* “Run” code

 Press Joystick button (Up, Down, Left, Right, Select)
- Breakpoint stops in CCM SRAM region address 0x10000018

#Ozﬂﬂﬂﬂﬂﬂls FSBOSFOO CMP 0, #0x2000

2152 |

Lys
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&) CCM SRAM (files)

Hands-On: Place file(s) in CCM SRAM

Open the CCM2.ioc CubeMx project (double mouse click) [ cemz.ioc

. Labs\CCM\CCM2\CCM2.ioc . |
9 oy x Ly

 Generate Code GENERATE CODE
[ Code Generation b4
° Open Project o o The Code 15 successfully generatad under C/ST/STM32G4/abs 2/CCMICCM2

Clase:

openrane | Gpsn Broject |

life.augmented



CCM SRAM (files)

 Define the memory region for the CCM SRAM in the MDK-ARM
» Right mouse click on CCM2
» Select “Options for Taget ‘CCM2'...

Ih‘qﬁ'ﬁ #fﬂ'—.
= “i$ Project: CCM2
@ gl CCM2 A5 Options for Target ‘CCMZ:... Alt-FT

Add Group...
ﬁ Manage Project items.,,
|51 Rebuild all target files
j;] Build Target F7
v

| Show Include File Dependencies

life.augmented



CCM SRAM (files)

Options for Target 'CCM2° ¥4
- Select “Target” tab Deves (To= Joust | tna| s | 1o | |m|wuu|wm|
STMicroelectronics STM32G474RETx ARM e | 5 _i
. 113 L) s default version
CheCk IRAM2 Xtall.MHth compiler
Operating systemn: | None = Use Cross-Modiie Optmizaton
« Enter “0x10000000” Systam Viewer Hie: W Use MicroLIB I BiEntlan
IRAM2 Start [FTMIZG4T 4 svd J Floating Point Hardware: ]Shgle e 5]
I Use Custom Fie
1T T i~ Read/Only Memory Areas Read/Write Memory Areas
+ Enter “0x2000 defack ofichp  Stat Sz Satp | |defadt ofichp | Sat Sze  Nokt
IRAM2 Size ™ RoM1: | I || T Raw: | I [
[~ ROMZ ] | - ™~  RAMZ2 | I =
» Click “OK” ™ roms: | | c || T Rav3 | | m
on-chip on-chip
@ (ROM1: |(x8000000 [xB0ODD @ 7  iRAM:- [(x20000000  [0x20000 r
I IRoM2: | | o M IRaM2 [(x10000000 |:2000 .
K,’ oK Cancel Defauts Help




Expand “Application/User” folder
Open “stm32g4xx_it.c” file

Copy and paste
“HAL_GPIO_EXTI_Callback” function

CCM SF

= % Project CCM2
Bl CCM2
# 1 Application/MDK-ARM
& cmsis
= 5 Application/User

\

—

from CCM lab code.txt to the start of

line 258
257

* USER CCODE BEGIN \T>\\

1_maing

I stm?rlihdmjt.c

L stmidgdio_hal_msp.c

2598 G2 {
260
261 [
262

\2¢3 |

if ( GPIO Pin == JOYSTICK SEL Pin )
{

(258 vwoid HAL GPIO EXTI_Callback(uintlé_t GPIC Pin)

HAL GPIO WritePin(LD2_GPIC Port, LD2_Pin, GPIO_FIN RESET):

HAL GPIO_WritePin(LD3_GPIO_Port, LD3 Pim, GPIO_FIN RESET):)

Lys
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CCM SRAM (files)

. . = ‘1% Project CCM2
nght mouse click on =gl CCM2 4K Options for File ‘stm32g4nit.c .. Alt=F7

“stm32g4xx_it.c” \ E: T " Remove File stm32gdo it
CMSIS
. . = 5 Application/User dh Manage Project items...
+ Select “Options for File R Open stm32g4i t.c
‘Stm3294XX It Cs (& stm32gdic_it.c L"_‘;I Rebuild all target files

L] stm32gdix_hal_msp.c %] Build Target F7

Translate stm32g4:.x_it.c

+ Set Memory Assignment e
11 L] ow inciude File Dependencies
to “IRAM2 -

Memary Assignment:
Code /Congt: | ETIPAEINHNNE,

: 7 9
L ; coefault >
C“Ck OK Zero nitialized Data: | GO} [range unspechieds]
. |ROM2 [aange unspectied?]
Ot D=l | 20M3 [amrige unspeciied-]
IROM1 [ixB000000-0x807FFFF]
IROM2 |erange unspectied>]
RAM1 [<range unspecified>]
RAM2 [crange unspecified>]
RAM3 [<range unspecified>]

I apdd 0 wanw OOI1CCTel

IRAM2 [ 10000000-0x 10001FFF] Defauits Help ]

0-0x10001FFF IR

Lys
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CCM SRAM (files)

|} Build (F7)

* “Build” prOjeCt Build target files

@) Start/Stop Debug Session (Crl+F5)

¢ “Start Debug” SeSS|On Enter or leave a debug session

 Place breakpoint in “HAL_GPIO_EXTI_Callback” (Line 260)

214 wvoid HAL GPIO EXTI Callback(uintlé t GPIO Pin)
| 215 (4
[® 21e || if ( GPIO Pin == JOYSTICK SEL Pin )
G A= - o

{ Bl Run (F5)
Start code execution

* “Run” code

 Press Joystick button (Up, Down, Left, Right, Select)
- Breakpoint stops in CCM SRAM region address 0x10000058

286: )
Fﬂxlnﬂﬂuﬂﬁs FSBOSFOO CMP r0, $0x2000
259: {



&) CCM SRAM (library modules)

Hands-On: Place library module in CCM SRAM

Open the CCM3.ioc CubeMx project (double mouse click) [ ccm3.ioc

 Labs\CCM\CCM3\CCMS3.ioc B |
v oy < Ly
Generate Code GENERATE CODE

[l Code Generation X
° Open Project - o The Code s successfully generated under C/ST/ISTMIZG4! abs2/CCMICCM3

wpsniwnr | Bpen Projest | Closs




&) CCM SRAM (library modules)

 Define the memory region for the CCM SRAM in the MDK-ARM
* Right mouse click on CCM3
» Select “Options for Target ‘CCM3'...

Project 2 &
= ‘% Project: CCM3
&3 CCM3

A Options for Target 'CCM3'., Alt=F7 ]

Add Group...

Manage Project ltems...

Rebuild all target files

Build Target F7

.

o

| <] E b

Show include File Dependencies

3
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&) CCM SRAM (library modules)

K3 options for Target ‘CCM3’ *
- Select “Target” tab o [ [ e T o e i [ hm
STMicroslectronics STM32G474RETx - Code Generation .
o CheCk “ RAM2” N IW ARM Compiler:  |Use defaul compiler version 5 v |
Operating system: | None 24 | Use Crons-Modkse Opiimization
* Enter “Ox10000000” Systen Viowsr Fle: ¥ Use MerolIB I BiyEnde
IRAM2 Start [STM32G4740x 5vd J Floating Port Hardware:  |Single Precision v
[ Use Custom File |
B N - Read/Only Memory Areas - |~ Read/Wnte Memory Arsas
* Enter “0x2000 defall ofichp St See  Stadup | | defaul ofi-chip e See Mokt
IRAM2 Size r  Rom: | I C || T raw | I r
~  RoM2 | ] c r Ramz | | r
- Click “OK” ™ ROM3: | ] o r Ramz | | r
on-chip on<hip
@  (Rom:: [x8000000  [0x20000 " ¥ IRAMT: 820000000  [0x20000 r
™ iRomMz | ] c ¥ Ram2 [0q0000000 [a2000 |
K,’ o J[ oo Defauts Help

life.augmented



CCM SRAM (library modules)

Optians for Target 'CCM3’ b

Select “C/C++” tab

Device | Target | Output | Listing | User Cfc*"'hﬂ | Linker | Debug | Ueities |

Add Define [

Defing: I.mM_MATH_cm.USE_HAL_nHWEH.smaasmu

‘ARM_MATH_CM4” | (==

i~ Language / Code Generation

* Add library include I~ Execute-cnly Code [ Suict ANSIC Wamings: [Al Wamngs =]
path Optimization: [Level 3(03) ~| ™ Enum Container aways int ™ Thiumb M od
I~ Optimize for Time [~ Plain Charis Signed ™ No Auto Includes
. . ! I~ Spit Load and Stors Muliple [~ Read-Only Posttion Independent ¥ €99 Mode
° Clle OK W One ELF Section per Function ™ Read-Write Position Independent ™ GNU extensions
cAie [jlm /Drivers/STM32G4xx_HAL _Driver/inc; /Drivers/STM32G4x_HAL_Driver/inc/Legacy.. /Di l
Misc
Cortrols

Compiler |99 -¢ —cpu Cortex-M4fp -D__EVAL -D_ MICROLIB -g -03 —apcs=nterwork —splt_sections 4 ../Inc A
control || | /Drivers/STM32G4a_HAL_Driver/inc - . /Diivers/STM32G4x_HAL_Driver/Inc/Legacy -
stnng v

K,’ OK Cancel Defauts | [ hep |

life.augmented




CCM SRAM (library modules)

 Add ARM math Iibrary - 4 Project: CCM3

= g CCM3

 Right mouse click on LE_i_Application/MDK-ARM ]
Application/MDK-ARM @ (3 Application/User
&= A Driv J& Options for Group “Application/MDK-ARM'... Alt=F7
* Add EXIStmg FlleS tO GrOUp oy ‘: 2“ Add New Item to Group Application/MOK-ARM'...
« Select “arm_cortexM4|_math.lib” T Add Existing Files to Group ‘Application/MDK-ARM'...
f| |e Remove Group "Application/MDK-ARM' and Its Files
. \DrlverS\CMSIS\le\ARM Add Files to Group "Application/MDK-ARM' X
Lockin: [ | ARM ~ BB F?
- Click “Add” button " " |
|j arm_corteddb_math.lib T201e 24P LI
i Mdbf math i 7/22/20192:41PM LI
11 1) . U_LEE“:EP_"%LEQE‘EEH_ 172272019 2:41 PM LI
‘ Close Wi ndOW || arm_cortexMAlf_math.lib 222 2zaeM U
< >
Flename:  |am_cortexM4_math lib Add |
r Files of type: |Ubrary file (" lib) ll Close
life.augmented




CCM SRAM (library modules)

Project g
- Expand “Application/MDK-ARM” \Q;W;;;M
folder 4 2 Application/MDK-ARM
startup stm32g474o.s
- Right mouse click on — udAPPT{::;ZT,}tiT'“”“t“"'b
arm_cortexM4I_math.Iib file 4K Options for File ‘arm_cortexMdi_math.lib'... Alt«F7
i Remove File "arm_cortexh4l_math.lib’
+ Select “Options for File dh Manage Project tems..
‘arm_cortexM4l_math.lib’...”
[~ Selec
« Set Memory Assignment RAM2 [0 10000000 Ox10001FE ] . n
« Code = IRAM2 [0x10000000- ] am.aba_ql:
Other Data, |-:defaa.|!l> ;l :_". JL '
0x10001FFF] Q
+ Click “OK” =
K’l oK Cancel Defaults




CCM SRAM (library modules)

- Expand “Application/User” folder = ."_"“j;fhff"“
= wd
= & Application/MDK-ARM

Open “main.c” file B startup_sm32g8Th0cs
\ __] arm_cortexMdl_math.lib
\F_lkj Application/User

] main.c
] stm32gdio it.c

. U] stm32gdo_hal_msp.c
GO to Ilne 26 @ A Drivers/STM32G%x_HAL_Driver

24 /* Private includes ——————————

* Add: #include <arm_math.h>
\ ped Ju TSFR CORE 2FCTMN Tne~limrdeas #

26 includs <arm math.h>
Z7 7% USEN LOLE END Includes ¢

A

GO tO Iine 36 S% . J* Privacte define ———————
- Add: #define ARRAY_SIZE 64U (36 tamrine ammay stze exu

Lys
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- Gotoline 47:

CCM S

« Add: int32_t aAnglesLib array
« Add: int32_t aResults array
« Copy from CCM lab code.txt

Lys
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4T St

6
&

N pv &/

RAM (library modules

el

0x2000
OxZ25000
0x30000
0x380
Ox2000¢
Ox45
0x50000
0X5800/
0x600000
0xE800

Ox 70000

& NG_

Ox4A000600,

- »" .
Gx5A000600,
OxeZ00OQoo

(EEE WS

0xEA000000,
e

. e
0x72000000,

0x7A000000,

0x04000000,

Ox0Co000

axl1C
Ox2400(
Ox2C0000600,
0x34000000,

Ox3C000600,

0x4C000600,
00,
0x%5C0000600,

Ux&4000000,

0x540000

OxeC000600,

OxT7400(

0x7C0000600,

Array of angles for arm math library Ql.31
static int32_t afngleslib[ARBAY SIZE]

Ox060000

Ox0EQOO

OxZEQOQQ

Ox36000
Ox3EQOQC

Ox4ECGO0
0xS&000
OxSECO0
Oxe&000
OxEECO0

QxT7&000
Ox7EGOQ

Qoo

Goo,

Go 0.,
Uudl,
Go 0,

[LRLN]

000,
Gog,
0Qo,
Gog,
0og0,
Gog,

0040,

Ela4]

g static int32 t aResults[ARRAY SIZE]:




&) CCM SRAM (library modules)

|_/* USER CODE BEGIN 2 */

« Go to line 114:

114 I for (uint32 © 3 = 0; j < ARRAY SIZE; j++)
1154 {
® Add fOI’ IOOp ’[O CaICUIate —_— 116 /* Calculate sine “/
“arm_Sin_q31 ” .Il.i‘; X aResults[j] = arm sin g3l (afAnglesLib([j]):

« Copy from CCM lab code.txt 119 |

i20 [ /* USER CCDE END 2 */

gmented



CCM SRAM (library modules) =

« T . |&) Build (F7)
- “Build” project Buila target fles

u ” . @) Start/Stop Debug Session (Ctri+F5)
¢ Start Debug SeSS|On Enter or leave a debug session

 Place breakpoint on call to “arm_sin_q31” (Line 117)

114 ‘ for (uint32 t § = 0; j < ARRAY SIZE; j++)
115 1
116 /% Calculate sina *
[® 117 || aResults([j] = arm sin g31(aAnglesLib[j]):
_ - 118 }
£ ” izl Run (F5) e
- “Run” code {&
Start code execution
— |
£ ” 1 +} Step (F11 s
* “Step” the code twice | =270
| ep one line

Stops in CCM SRAM region address 0x10000000

arm sin g3l:
0% 10000000 B470 PTGSH {xs-reé6}

r \0x10000002 ODE1 LSRS ri,z0,$22
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@ CCM SRAM: Additional Notes

- AN4296: Use STM32F3/STM32G4 CCM SRAM with IAR
EWARM, Keil MDK-ARM and GNU-based toolchains



STM32G4 mixed-signal
MCU workshop

Wrap Up

‘ ’ I life.augmented
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STM32G4 Workshop Related Survey

Use your phone to scan the QR code or type the link into your browser.

https://www.surveymonkey.com/r/PC5DHBM
Lys;  We Greatly Value Your Feedback - Thank you!



STMicroelectronics: one of the broadest Standard Product Portfolios

ST
Standard

Products

Profection devices

Power bipolar fransistors
Power MOSFETs
Amplifiers and Comparators
Linear voltage regulators
EEPROM

Rectifiers

SCRs and TRIACs
Interface ICs

Voltage references

Reset and supervisor ICs

Lys
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The largest offerings of companion products for every STM32 Microcontrollers

Amplifier &
Comparators

Interfaces

Switches

Motion sensors

—

Microphones

Environmental sensors

Proximity/Gesture
Sensors

RTC

Current sensing

Reset & Supervisor

Voltage Reference

Analog
front-end

Analog Sensors

Digital Sensors

Power MOSFET
& Power Bipolar

PowerManagement

Userinterface

LED Drivers

Audio amplifiers

Power line

Communication
Interface

Smart Reset

Voltage Regulators

communication

Bluetooth Low Energy

Sub 1 GHz

GNSS Module

NFC & RFID

ESD Protections

Battery management
— & monitoring
Energy Harvesting
DC-DC —
Diodes, Rectifier
Triacs & SCR —— = Wireless charging

EMI Filters

USB Type C / PD

Motor Control
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ASN Filter Designer

Intuitive OSFIRFIR digtal fiter Oesigan Besifal ar |y

— i advsal nEdERm

ASN Filter De3|gner

Powerful DSP experimentation platiam
Design and fine-tune your digital filter within
minutes, and then test it in realHime with a
variety of test signals (including your own
datasets) via the tool's built-in signal analyser.

Real-time design feedback

Mo need to explicitly define techmical
specifications, just skefch your requirements
and let the tool automatically fill i the exact
specifications for you!

Live math scripting

Interactively experiment with specialised
transter functions, pole-zero pairs and other
mathematical functions with ASN FiiterScript

Automatic documentation

Get a detailed specification report of all
designed fiiter blocks for official project
documentation, which be pasted directly
into Microsaft Word/Powerpoint.

Deploy o Arm. CMSISDSP, C/C++,

Python, Matlab and more

Easily integrate your designed fitter blocks with
your other algorithms in Amm CMSIS-DSP,
C/C++, Python, Matlab, Octave, Scilab or
Labview using provided royalty free software
development frameworks.
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Biricha Digital Power Design Tool

€ Digital Power workshops with BIRICHA s

How to implement Digital Power Supplies (PSLU) and Power Factor Carrection (PFC)

STRL32 PSU/PRC desio

Step-in Digital Povwer Tecr-'n-nnrng-,r

S ThEsisctranns g sty lsaing ST MU
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@ Appendix — Reference Documents

Datasheet and Reference Manual Links

Datasheets

STM32G431xx STM32G431x6 STM32G431x8 STM32G431xB
STM32G441xB STM32G441xB

STM32G473xx STM32G473xB STM32G473xC STM32G473xE
STM32G474xx STM32G474xB STM32G474xC STM32G474xE
STM32G483xE STM32G483xE

STM32G484xE STM32G484xE

Reference Manual
RM0440 STM32G4 Series Reference Manual

gmented



Appendix — Reference Documents

Application Note Links

AN2834 How to get the best ADC accuracy

AN4013 STMB32 Cross series timer overview

AN4232  Getting started with analog comparators

AN4296 Using CCM SRAM with 1AR, Keil, and GNU based tool chains

AN4539 HRTIM Cookbook

AN4899 STM32 GPIO configuration for hardware settings and low power consumption

AN4989 STM32 debug toolbox

AN5305 Digital filter implementation with the FMAC

AN5306 Operational Amplifier usage in STM32G4

AN5310 Guideline for using analog features of the G4 vs. the F3

AN5315 STM32Cube firmware examples for STM32G4

AN5325 Getting started with the CORDIC accelerator

AN5345  High-brightness RGB LED control using the B-G474E-DPOW1 Discovery kit
‘W AN5346 STM32G4 use tips and recommendations
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@ Appendix — Reference Documents

User Manual Links

UM1721 Developing applications on STM32Cube with FatFS
UM1722 Developing applications on STM32Cube with RTOS
UM2454 STM32G4 Seris Safety Manual

UM2492 Getting started with STM32Cube(G4 for STM32G4 Series
UM2552 USB Power Delivery

UM2570 Description of STM32G4 HAL and low-layer drivers
UM2573 STM32Cube(G4 Nucleo demonstraion firmware

UM2577 Discovery kit with STM32G474RE MCU

gmented



STM32G4 Series — Take Away

Analog-rich MCUs for mixed-signal applications

Performance
170MHz Cortex-M4 coupled with 3x accelerators

Rich and Advanced Integrated Analog
ADC, DAC, Op-Amp, Comp.

Safety and security focus

Large portfolio available from NOW!
32..512KB Flash memory
32..128-pin packages



Releasing Your Creativity

STM32 G4

P

¥ www.st.com/STM32G4



